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Foreword 



The papers included in this volume were prepared for a policy study on science 
and technology in Brazil carried on between 1992 and 1993 by the Escola de 
Admim'stracao de Empresas de Sao Paulo, Fundacao Getulio Vargas. The study 
was done at the request of the Brazilian Ministry of Science and Technology, 
within the Program for Scientific and Technological Development (Programa de 
Apoio ao Desenvolvimento Cientifico e Tecnologico, PADCT II). A second vo- 
lume includes papers written in Portuguese, dealing with the institutional aspects 
of science and technology, and its economic and social implications. The third 
volume, also in Portuguese, brings together papers about specific sectors of sci- 
entific and technological activities in Brazil. The coordination team included 
Simon Schwartzman (Fundacao Getulio Vargas and University of Sao Paulo, 
general coordination), Eduardo Moacyr Krieger (Instituto do Corajao and Brazil- 
ian Academy of Sciences, biological sciences), Fernando Galembeck (University 
of Campinas, physical sciences and engineering), Eduardo Augusto Guimaraes 
(Federal University of Rio de Janeiro, economic dimensions) and Carlos Bertero 
(Fundacao Getulio Vargas, administrative and institutional aspects), with man- 
agement support from Jose 1 Roberto Ferro (Federal University of Sao Carlos and 
Fundacao Getulio Vargas). 

After a brief period of rapid expansion in the 1970's, the Brazilian scientific 
and technological sector entered a time of instability and uncertainties in the 
1980's characterized by reduced and uncertain resources, successive institutional 
reorganizations, and a general feeling of uneasiness about the role science and 
technology were supposed to play in the country. In the 1980's, the two programs 
for scientific and technological development (PADCT I and PADCT II) signed 
between the Brazilian government and the World Bank provided some degree of 
resource stability to a few selected sectors, but did not replace the need for a 
broader policy and a clearer perspective. This need became apparent in the nego- 
tiations between the Brazilian government and international agencies, such as the 
World Bank and the Interamerican Development Bank, for additional loans to the 
science and technology sector. In consequence, three studies were commissioned 
by the Brazilian government to evaluate and make suggestions for the future. 
One, carried on within the Ministry of Science and Technology itself, with sup- 
port from the United Nations Development Program, looked more specifically 
into the institutional aspects of the S&T sector. Another, led by Luciano 
Coutinho at the University of Campinas, also within the PADCT II program, con- 
centrated on technological innovation in the Brazilian productive sector. The 
third was our study, aimed at an assessment of Brazil's scientific and technologi- 
cal capabilities in the current national and international context, and the formula- 
tion of a new perspective for the whole sector. 

The conclusions, presented in the first chapter of this volume, do not represent 
the official view of the Brazilian government. They are the sole responsibility of 
the coordinating team and individual paper authors, and are presented to the gov- 
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eminent and the public as suggestions and proposals for discussion. The study 
was carried on without government interference and with complete freedom for 
the participants to express their views and perspectives, and the same freedom 
was granted to the authors of each commissioned paper. In March, 1994, the 
Fundacao Getulio Vargas organized a- seminar where participants of the three 
studies presented their main conclusions to the Ministry of Science and Technol- 
ogy, government officials and the public, and since then the wealth of materials 
produced are being disseminated and brought under scrutiny. 

The main assumption of our study is that science and technology should play a 
strategic role in Brazil, given the need to improve productivity in the economy, to 
deal with problems of poverty, education, health and environment degradation, 
and to participate more fully in an integrated world economy and society. The 
incorporation of technical knowledge in the productive process is necessary not 
only to guarantee the competitiveness of Brazil's products in the international 
market, but also to assure that the benefits of this activity are absorbed by the 
country's broader population. Poverty, education, health and environment are 
problems of exceeding complexity, which cannot be dealt with without the bene- 
fit of specific technological innovations, and the proper understanding of their 
broader causes, implications and consequences. But science and technology are 
not just embodied in pieces of equipment, registered patents and technical litera- 
ture in bookshelves and computer disks. They exist, above all, in the culture and 
daily practice of human beings, as part of their education and life experiences. 
The more this culture and practical experiences spread in society, the more soci- 
ety can benefit from them. This is why no science and technology policy can be 
successful if it is not part of a much broader policy to expand, improve and con- 
solidate basic education, and to increase the competence of the productive system 
as a whole. This concern with the internal benefits of science and technology is 
not in contradiction, but in fact requires, an active participation in the interna- 
tional markets and networks for technological products and scientific knowledge, 
through the elimination of barriers to technological transfers and investment in 
the improvement of innovative capabilities and scientific competence of individ- 
uals, firms and educational and research institutions. 

The Brazilian scientific and technological system which took shape in the 
1970's worked from a completely different set of assumptions. Regarding the 
role of tehnology, the assumption was that it was necessary to concentrate efforts 
and resources in a few large strategic projects, to free the country from the tech- 
nological encirclement of foreign governments and multinational firms, and to 
generate poles from which scientific and technological competence could trickle 
down to the economy and society as a whole. The current understanding is that, 
although proprietary knowledge is in the rise worldwide, and controls of the 
transfer of military sensitive technologies persist, the key element allowing acess 
to the benefits of scientific and technological developments is the general compe- 
tence of the population and of the economic system a whole. Knowledge usually 
does not spread enough vertically, from big projects to small firms, or from basic 
to applied science; but goes very often in the opposite direction, from basic 
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knowledge and innovative competence to more ambitious projects and tasks. A 
corollary is that an environment which is open to the circulation and transfer of 
technologies of all kinds is more advantageous to the country than a closed or 
overprotected environment. 

Regarding science, the usual understanding was that Brazil should develop sci- 
entific capability in all fields, strating if necessary with small groups, protected 
from international scientific competition. Eventually, these groups would reach 
international standards, and spin off to the broader economy and society. It was a 
replication of the import substitution policies from the industrial to the scientific 
and technological sectors. The current understanding is that there is no room for 
second rate, protected basic science in the current world scientific environment. 
Even small scientific communities should be up to international standards, and 
participate fully in international scientific networks. 

The consequence of the old assumptions was a combination of a few ambitious 
high technology projects, such as the nuclear and the space programs, and a fairly 
large network of graduate programs and research institutes, not necessarily of the 
best quality. The preferred scenario today is the opposite: a small but highly qual- 
ified research establishment, and widespread diffusion of basic technological 
competence and professional education. 

It was also assumed in the past that science, and more specifically technology, 
should be subject to detailed and long-term planning, leading, to the development 
of complex administrative structures. The current view is that these planning 
bureaucracies should be replaced by light, rapid and efficient decision mecha- 
nisms, with strong emphasis on decentralization and local autonomy. 

Thirdly, it was assumed in the past that public resources for science and tech- 
nology were abundant and would grow continuously, allowing for an expectation 
of continuous expansion. Today, it is clear that we have entered an era of limited 
resources, specially in the public sector, requiring harder choices in resource allo- 
cation, and stronger needs of association with the private sector. 

Finally, while in the past it was assumed that investments in science and tech- 
nology were always for the good, there is a growing awareness today about the 
need to evaluate the costs, benefits and alternative use of resources, specially 
regarding large scale projects. 

These assumptions of the past have still not been fully revised, and shape many 
current proposals and ideas. The full implications of this conceptual shift are 
spelled out in the papers now being published, and are gradually being absorbed 
by Brazilian society. As they do, they will add to the country's efforts to become 
a more competent, economically viable and just society. 

Rio de Janeiro, March 1995 

Simon Schwartzman 
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Summary 



Brazil developed, in the last quarter of a century, a very significant effort to 
build its scientific and technological capabilities, but in the last decade this sector 
has suffered intensely from lack of resources, institutional instability and lack of 
clarity about its role in the economy, society and education. Brazil's science and 
technology sector is in need of urgent action. Recent transformations in the 
world's economy have made a country's scientific, technological and educational 
competence more important than ever to increase production, raise the standards 
of living of its population, and deal with its social, urban and environmental 
problems. Policies for science and technology can only be fruitful in association 
with coherent policies and actions for economic adjustment, education and indus- 
trial development. Policies from the central government can only be effective if 
they involve the active participation of state and local governments and of busi- 
ness, workers, educators and the scientific and technological community. The 
proposals put forward in this document should not be seen in isolation, but as a 
contribution to a much broader effort. 

This policy paper was prepared by the Getulio Vargas Foundation at the 
request of Brazil's Ministry of Science and Technology and the World Bank, as 
-established by the II Program for Scientific and Technological Development (the 
PADCT II agreement). The work was carried on with the cooperation of an inde- 
pendent group of scientists, economists and specialists of science policy in Brazil 
and abroad, which produced about 40 papers dealing with the international con- 
text, Brazil's scientific and technological capabilities, the links between science, 
technology and the economy, and Brazil's institutions for science and technology 



* This is the summary document of the science and technology policy study carried on by the Sao 
Paulo School of Business Administration, Getulio Vargas Foundation, for the Brazilian Ministry of 
Science and Technology, within the Program for Scientific and Technological Development (the 
PADCT II agreement between Brazil and the World Bank). The ideas expressed in this text are the 
sole responsibility of its authors. 
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support. This final document is the responsibility of the projects' coordinating 
team, and does not express necessarily the opinions of the Brazilian government, 
the World Bank, the Fundacao Getulio Vargas, nor of the individuals who con*- 
tributed with specific studies. 

The main thrust of this policy paper is that there is a definite need to move 
from the previous mode of scientific and technological development into a new 
one, more adequate to the current and future realities. This policy paper presents 
a summary of what Brazil's science policy was in the recent past, the current sit- 
uation, an overview of the recent transformations of science and technology in 
the international context, and puts forward some proposals for new directions. To 
implement these recommendations, the Brazilian government, with the support 
of the World Bank and other sources, should establish a high-level task force to 
evaluate this and other policy studies now being concluded, and propose specific 
policy measures to be carried on by the Ministry of Science and Technology and 
other agencies, and to be presented to Parliament to be enacted in law when nec- 
essary. The main recommendations are summarized below. 



Recommendations 

Science and technology are more important than ever for Brazil, if the coun- 
try is to raise the standards of living of its population, consolidate a modern econ- 
omy, and participate as a significant partner in an increasingly integrated and glo- 
bal world. The economy must modernize, and adjust to an internationally com- 
petitive environment. Education should be expanded and improved at all levels. 
As the economy grows and new technologies are introduced, new challenges will 
emerge in the production and use of energy, environment control, public health, 
the management of large urban conglomerates, and changes in the composition 
of the labor force. Strong indigenous competence will be necessary to participate 
as an equal in international negotiations and in the setting of international stan- 
dards that may have important economic and social consequences for Brazil. 

The new policy should steer away from the extremes of laissez-faire and 
centralized planning. A traditional, laissez-faire approach to scientific and tech- 
nological development will not produce the necessary competence on the scale 
and quality needed for these tasks. Large-scale, sophisticated and highly concen- 
trated technological projects are not likely to spin off into education and indus- 
trial development as a whole. Attempts to bring the whole field of science and 
technology under the aegis of centralized planning and coordination run the risk 
of stimulating large and inefficient bureaucracies, and to stifle initiative and cre- 
ativity of research. 

The new policy should implement tasks that are apparently in contradiction: 
to stimulate the freedom, initiative and creativity of the researcher, while estab- 
lishing strong links between his work and the requirements of the economy, the 
educational system and of society as a whole; and to make Brazilian science and 
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technology truly international, while strengthening the country's educational and 
S&T capabilities. 

To fulfill these tasks, the following recommendations are made: 

Technology and applied science 

(a) to redirect the country's technology policies, in line with new economic reali- 
ties. On the short run, policies should be geared to the reorganization and techno- 
logical modernization of the industrial sector. Permanent policies should exist to 
induce the more dynamic sectors of the productive system to enter a continuous 
process of innovation and incorporation of new technologies, to follow the 
rhythm of technical progress in the world economy. Both approaches require, as 
the main priority, the incorporation of existing technology to the productive pro- 
cess; 

(b) research groups in universities and government institutes should be strongly 
stimulated to link to the productive system and to engage in applied work, while 
maintaining a high level of academic and basic research activities. Resources for 
applied work should not come from the budget for basic activities, but from spe- 
cific sources in governmental agencies, special programs, private firms, and 
independent foundations. Applied projects should be evaluated in terms of their 
academic quality, but also of their economic viability and social and economic 
significance; 

(c) the current situation, in which 80 per cent or more of the current expenditures 
are public, should be changed. This should not be done by reducing further the 
government's expenditures in R&D, but by stimulating the private sector to 
invest more in this sector; 

(d) government agencies dealing with matters requiring research work, such as 
health, education, environment, energy, communications and transportation, 
should have resources to contract research with universities and research institu- 
tions on matters of their interest. This practice should prevail upon the tendency 
of these agencies to create their own research outfits, and their projects should be 
subject to joint evaluations by peer review and policy oriented authorities. 
Research institutes and centers in public agencies and state companies should be 
placed under peer oversight, and required to compete for outside research sup- 
port; 



(e) the current military projects should come under technical, academic and stra- 
tegic evaluation with the participation of selected, high quality scientific advis- 



ers, and be either streamlined, discontinued, reduced, or converted to civilian 
projects; 

(f) research programs in applied fields, like electronics, new materials, biochem- 
istry and others, should only be established in association with identified partners 
in industry, which should be involved from the beginning in setting objectives 
and in sharing costs; they should be subject to independent evaluations of eco- 
nomic, managerial and scientific feasibility, and monitored on these terms. 



Basic science and education 

Support for basic science should be maintained and expanded, with special 
attention to its quality, according to accepted international standards. Basic or 
academic science, broadly understood as research work that does not respond to 
short-term practical demands, remains essential for Brazil. The information it 
generates is free, and is the main source for the acquisition and spreading of the 
basis of tacit knowledge that permeates the whole field of science, technology 
and education. For a leading country, heavy investments in basic science can be 
thought of as problematical, since their results can be appropriated by other coun- 
tries and regions for very little cost. For the same reason, investments in basic 
science in small scientific communities can be extremely productive,, since they 
allow tapping the international pool of knowledge, competence and information. 

The existing pool of scientific competence has to be protected. Many of the 
best R&D institutions and groups are being dismantled by absolute lack of 
resources, and emergency measures are needed to deter this process. The govern- 
ment should guarantee a stable and predictable flux of resources to its main S&T 
agencies for their daily routines and "over the counter", peer reviewed research 
supporting activities. The most qualified research institutions and groups should 
be preserved in their ability to keep their best researchers and their work and edu- 
cate new scientists. The main mechanism for this should be the implementation 
of the proposed system of "associated laboratories", which should provide stable 
resources to about 200 research groups and institutions, based on clear proce- 
dures of evaluation and peer review. The estimated cost for maintaining this pro- 
gram is approximately US$200 million a year; a similar amount will be needed to 
provide these laboratories with basic equipment and infrastructure. 

Research institutions, particularly in universities, should be required to play 
a very active role in the enhancement of undergraduate and technical education, 
not only through teaching, but also through direct involvement in the production 
of good quality textbooks, the development of curricula and new teaching meth- 
ods and programs of continuous education. Adequate mechanisms should be 
devised to make these activities more rewarding and prestigious than they have 
been so far.. 



International cooperation 

Globalization requires a profound rethinking of the old dilemma between 
scientific self-sufficiency and internationalization. They should not be perceived 
as contradictory, but as complementary. Brazil has much to gain as it increases its 
ability to participate fully as a competent and respected partner in the interna- 
tional scientific and technological community. To meet this objective, the follow- 
ing policies should be implemented: 

(a) fellowship programs of Capes and CNPq for studies abroad should be revised, 
maintained, and eventually expanded. Fellowships should be awarded only to 
first-rate students, going to first-rate institutions, with a clear perspective of 
returning to productive work in Brazil. Fellowships for doctoral degrees should 
be combined with "sandwich" fellowships for doctoral students in Brazilian insti- 
tutions for reduced periods abroad, and with short-term support for training peri- 
ods in laboratories and companies. The existence of good quality doctoral pro- 
grams in a given field does not preclude the need to keep a permanent flux of stu- 
dents to the best foreign universities; 

(b) provisions should exist for post-doctoral programs both abroad and in Brazil, 
and to bring top-quality scholars from other countries for extended periods, or 
even permanent appointments, in Brazilian university and research institutions; 

(c) the channels for international cooperation between Brazil, international agen- 
cies and institutions, and the international scientific community, should be kept 
open and expanded. The World Bank, the International Development Bank and 
the United Nations Development Program have.played important roles in provid- 
ing resources for capital investment, research support and institutional develop- 
ment for Brazilian institutions. This presence should be maintained not only 
because of the resources involved, but because of what they bring in terms of 
international perspectives and competence. In the future, such agencies could be 
very helpful in a process of institutional reform. As a rule, cooperation among 
scientists, research institutions and private foundations in different countries is 
established directly, and needs the support, but not the interference, of govern- 
mental agencies; 



(d) the issues of protectionism versus market competitiveness in scientific and 
technological development should be dealt in pragmatic, rather than in ideologi- 
cal terms. The country should not renounce to its instruments of technological 
and industrial policy, including tax incentives, tariff protection, patent legislation, 
government procurement and long-term investments in technological projects, in 
association with the private sector. Adequate legislation for patents and intellec- 



tual property should be established with the understanding that they are necessary 
for the normalization of Brazil's relations with the industrialized countries. 



Information and knowledge dissemination 

New and systematic means to incorporate technology into the industrial pro- 
cess should be developed, with strong emphasis on the development and dissem- 
ination of norms and standards, information, and procedures for technological 
transfer and quality improvement. A well organized and properly funded knowl- 
edge infrastructure is necessary to assure the easy access of scientists to libraries 
and data collections in the country and abroad, making use of the latest technolo- 
gies of electronic communication and networking. It is necessary to make these 
links effective and transparent to the individual researcher, and to establish mech- 
anisms to bring texts and data to the scientist's working place. The role of 
CNPq's Brazilian Institute for Scientific and Technological Information (Ibict) 
should be reexamined in the light of the new technologies and competencies 
developed elsewhere. 



Institutional reform 

The Ministry of Science and Technology should restrict its role to matters of 
policy, financing, assessment and evaluation, without carrying R&D activities 
under its direct administration. Although a cabinet-level position for science and 
technology is clearly necessary, the very existence of a ministry of science and 
technology, with all its overhead costs and exposure to political patronage, 
should be reexamined. 

The existing system of federal institutions for scientific and technological 
support should be evaluated in terms of its ability to perform the functions 
needed by the sector: support for basic research, support for applied projects, 
large and small research grants, fellowship and training programs, scientific 
information, norms and standards, and others. Brazil needs a federal agency to 
provide long term, sizeable grants for institutions and cooperative projects. This 
was the role played in the past by the National Fund for Scientific and Techno- 
logical Development (FNDCT), administered by Finep. Whether these resources 
should be managed by Finep, CNPq or by a new institution should be examined 
as part of a broad review of the roles, jurisdiction and competencies of the exist- 
ing agencies. - 

Financing agencies should be organized as independent, state owned corpo- 
rations, and free of formalistic and bureaucratic constraints. They should be 
placed under strict limitations regarding the percentage of resources they can 
spend on administration, and should be supervised by high-level councils with 
the participation of scientists, educators, entrepreneurs and government officers. 



They should rely on external advise for their decisions, and their bureaucracy . 
should be limited to the minimum. 

Research institutions and public universities should not be run as sections of 
the civil service. They need to be free to set priorities, seek resources from differ- 
ent public and private agencies, and establish their own personnel policies. 

No research institution receiving public support, and no government pro- 
gram providing grants, fellowships, institutional support or other resources to the 
S&T sector, should be exempt from clear and well-defined procedures of peer 
evaluation, combined, when necessary, with other types of economic and strate- 
gic assessments. Peer review procedures should be strengthened by the federal 
and state governments, made free from pressures of regional, professional and 
institutional interest groups, and acquire a strong international dimension. For 
instance, research proposals could be easily distributed to international referees 
through electronic mail. 

Goal-oriented projects 

The broad changes suggested in this document do not preclude the adoption 
of well-identified projects linking science, technology and the productive sector, 
to deal with specific questions and problems and to strengthen the country's 
capabilities in selected areas. It is necessary to develop a list of main areas of 
established competence and social, economic and environmental relevance, 
which should be the focus of future investments; to identify areas that should be 
phased out, or reduced; and special weaknesses and competencies in need of 
strengthening and support. 



1. Science and technology in Brazil 

Brazil developed in the last 25 years the largest system of S&T in Latin 
America, one of the most significant among semi-industrialized countries. 
There are about 15,000 active scientists and researchers in the country, and 
about 1,000 graduate programs in most fields of knowledge. 1 Fellowships 
keep several thousand students in the best universities in the United States and 
Europe at any time. The number of research papers in international publica- 
tions is the highest in the region. Research takes place mainly in the major 



1 This figure depends on what a "researcher" is. The Brazilian National Research Council (CNPq) 
listed 52,863 researchers in 1985, for about 3.5 million persons with higher education degrees. How- 
ever, only 21.7 per cent of those, or 11,000, had doctoral degrees. The number of university profes- 
sors with doctoral degrees in 1991 was about 17,000, or 12 per cent of the total. This figure is also 
consistent with the number of research proposals presented to Fapesp and CNPq each year (Brisolla; 
Martins & Queiroz, 1987; Schwartzman & Balbachevsky, 1992). As for the graduate programs, the 
figure depends on whether one counts degrees offered or course programs proper. 



mSM 



universities, such as the University of Sao Paulo, the Federal University of 
Rio de Janeiro, the University of Campinas and the Sao Paulo School of Med- 
icine; in research institutes linked to the Ministry of Science and Technology, 
such as the National Institute for Space Research, the National Institute for 
Research on the Amazon and the National Institute of Technology; in research 
institutes belonging to the National Research Council (the Brazilian Center for 
Physics Research, the Center for Mineral Technology, the Institute of Applied 
and Pure Mathematics, the National Observatory, the National Laboratory for 
Computer Sciences, the National Laboratory of Astrophysics, the Emilio 
Goeldi Museum of Natural History, and the National Laboratory of Synchro- 
tron Light); in the Brazilian Corporation for Agricultural Research (Embrapa), 
linked to the Ministry of Agriculture; in the Oswaldo Cruz Institute, linked to 
the Ministry of Health; in research centers kept by the largest state-owned cor- 
porations, such as Petrobras (oil), TelebrSs (telecommunications), Eletrobr^s 
(electricity) and Embraer (airplane construction); in research "units linked to 
the armed forces, such as the Air Force Technological Center (CTA); in insti- 
tutes belonging to state governments, specially in Sao Paulo, like the Butanta 
Institute (vaccines), the Biological Institute and the Institute for Technological 
Research (IPT); and in a few leading private corporations, such as Aracruz 
Celulose (paper), Itautec (computers), Aco Villares, Metal Leve (mechanical 
components), Elebra (computers), and others. 

Most research activities in Brazil take place in universities. Brazil has 
about 1.5 million students enrolled in undergraduate programs, 30,000 in mas- 
ters and 10,000 in doctoral programs. About one third of the undergraduate, and 
most of the graduate students are in public universities, which are free of 
charges. The remaining 1 million attends private institutions, which, with very 
few exceptions, do not have graduate education and research. The Federal gov- 
ernment spent about US$3,4 billion on higher education in 1990, and the state of 
Sao Paulo an additional US$871 million for its three universities (Goldemberg, 
1993b; Durham, 1993; Campanano & Serra). 2 The gross per capita costs for 
students in public universities are between US$5,000 to US$8,000 a year, with 
most of the money going for salaries and the maintenance of hospitals. 3 For 
research, university professors have to apply to Federal or State agencies, 
national and international private foundations, or to engage in research contracts 
with governments, public corporations and, to a lesser degree, private institu- 
tions. 



2 These figures are only rough estimates, because of high inflation and unstable exchange rates. 

3 For different perspectives on student costs, see Paul & Wolynec (1990), and Gaetani & Schwartz- 
man (1991). The estimation is that hospitals absorb about 10 per cent of university's budgets (they 
have also other sources of income). 
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Table 1 

Brazil, expenditures in science and technology and gross domestic 
product, 1980-90, in US$ millions of 1991 1 

Expenditures National Gross 

Government of the National expenditures domestic 

Federal State expenditures productive expenditures as % of product 

Year budget 2 budgets 2 (1 + 2) sector (3+4) GDP (GDP) 3 



1980 


824.5 


496.8 


1,321.3 


330.3 


1,651.6 


0.43 


386,863.3 


1981 


1,519.6 


672.4 


2,192.0 


548.0 


2,740.0 


0.74 


370,279.2 


1982 


1,863.3 


654.6 


2,517.9 


629.5 


3,147.4 


0.85 


372,122.9 


1983 


1,475.4 


462.6 


1,938.0 


484.5 


2,422.5 


0.67 


359,727.6 


1984 


1.426.9 


500.7 


1,927.6 


481.9 


2,409.5 


0.64 


378,422.2 


1985 


1,953.9 


501.9 


2.455.8 


613.9 


3,069.7 


0.75 


408,151.6 


1986 


2,288.6 


651.3 


2,939.9 


735.0 


3,674.9 


0.84 


439,451.0 


1987 


2,556.1 


466.9 


3,023.0 


755.7 


3,778.7 


0.83 


455,424.2 


1988 


2,506.4 


396.7 


2,903.1 


725.8 


3,628.9 


0.80 


454,918.0 


1989 


2,147.1 


512.5 


2,659.6 


664.9 


3,324.5 


0.71 


469,663.5 


1990 


1,679.0 


672.2 


2,351.2 


587.8 


2,938.9 


0.72 


406,906.4 



Source: Brisolla. Data from MCT-CNPa/DAD/SUP/COOE. 

1 Deflated according to general price index of the Fundacao Getulio Vargas (IGP-DMFGV) and con- 
verted to US dollars according to the average rate for 1991. 

2 Actual expenditures. 

3 Corrected for inflation and converted to JUS dollars according to the average rate for 1991 . 



The development of these activities was accompanied by the creation of a 
complex system of institutions, which are presently led by the Ministry of Sci- 
ence and Technology (MCT). MCT is formally responsible for coordinating S&T 
policy in all areas, directly or through agencies such as the National Council for 
Scientific and Technological Development (CNPq) and the Financing Agency for 
Studies and Projects (Finep). Besides, both MCT and CNPq have research insti- 
tutions under their jurisdiction. The Ministry of Education has a specialized 
agency to support graduate education in Brazil and abroad, the Coordination for 
High Level Manpower Education (Capes). Most states have secretaries for Sci- 
ence and Technology, and legislation providing funds for research, to be admin- 
istered in most cases by specialized agencies. The oldest and largest of these, the 
Sao Paulo's Fundacao de Amparo a Pesquisa (Foundation for Research Support 
— Fapesp), receives about 1 per cent of the state revenues, which in 1992 



amounted to about US$70 million, and profits from its capital investments. There 
are 10 similar agencies in other states. They are supposed to receive between 
US$180 and 320 million a year from similar arrangements (including Fapesp), 
although in practice they receive much less. 4 There is a sizeable network of sci- 
entific and professional societies publishing around 400 journals, organizing 
conferences and lobbying for their special interests and perspectives. An associa- 
tion of industrial research centers in private companies was created recently. 
Financial data are not very reliable, since there is no clear definition of what the 
figures on public expenditures in science and technology really mean. They may 
refer to administrative and financial expenditures, rather than to science and tech- 
nology as such; they may be distorted by inflation variations; and information 
about the private sector is scarce. The estimate is that, between 1981 and 1989, 
Brazil spent between about US$2-3 billion a year in science and technology 
activities, amounting to about 0.6 to 0.8 per cent of the GDP. Of this, only about 
6 per cent came from the private sector, and another 10 per cent from state-owned 
corporations (Brisolla; Coutinho & Suzigan, forthcoming; Wolff, 1991). These 
resources have been subject to high levels of instability in the last several years, 
in a context of near hyperinflation and economic stagnation. 

Impressive as some of these achievements may be, they still leave Brazil as 
a minor player in the world's scientific community (box 1). Articles by Brazilian 
authors published in the international literature are less than 1 per cent of the 
world total. In 1992 Brazil ranked twentieth among nations in scientific produc- 
tion in absolute terms, trailing China, Belgium, Israel and Denmark, and ahead of 
Poland, Finland, Austria, Norway, Taiwan and Korea (Castro, 1986; Schott). 
Links between scientific research and the productive sector are weak, and its 
impact on the quality of undergraduate and technical education is limited, a few 
significant exceptions notwithstanding. 

2. Background 

The beginning: S&T development in a period of economic expansion 

Some of Brazil's scientific institutions date from the late 19th century, and 
the National Research Council from the early 1950's. The larger part of the cur- 
rent S&T capability, however, was built during the 1968-80 years, in a period of 
military rule (Schwartzman, 1991). Three factors contributed to this rapid expan- 
sion. The concern of some military and civilian authorities with the need to build 



4 The estimate, made by the Brazilian Society for the Advancement of Science (SBPC), is that in 
1991 the states were supposed to provide US$317 million for research activities, but granted only 84 
million. Figures for 1992 were 182 and 82 million. Of the total spent, about 70 per cent came from 
Fapesp (Brisolla). 
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up the country's S&T competence, as part of a broader project of national growth 
and self-sufficiency; the support this policy received from the scientific commu- 
nity, in spite of earlier (and often continuing) conflicts between scientists and 
academics and the government; and the economic expansion of the period, in 
which Brazil's economy grew at an annual rate of 7 to 10 per cent. Another 
important element was the improvement of the government's ability to carry out 
policies in those years, through the establishment of small, independent agencies 
outside the federal bureaucracy, and an expanding fiscal basis. 



Boxl 

Brazilian science in context 

Brazil is a scientifically small country, performing much less than 1 per cent of 
the scientific research in the world, and this attracts much less that 1 per cent of 
the citations in subsequent literature. No Brazilian scientist was among the 
nearly 3,000 mentioned as principal contributors or significant influentials in a 
survey of scientists elsewhere. Brazilian research amounted to a little less than 
half of the research performed in the rest of Latin America and about a third of 
that performed in Israel, where scientific performance was high as indicated by 
the rather frequent mentioning of Israelis as great contributors and influentials. 
In economy and population, Brazil is roughly half the size of the rest of Latin 
America, as in science. But Brazil is a whole order of magnitude larger than 
Israel in terms of the economy and even more in terms of population and yet far 
less research is performed in Brazil than in Israel. This shows that scientific 
performance in a country is not a reflection of the size of the country in terms 
of population or economy (there is only a very weak correlation with popula- 
tion and a weak correlation with the economy). These differences in scientific 
performance seem shaped by differences in institutionalization of science. 

Thomas Schott. 



The policies of the last 25 years should be seen in terms of the changes in 
Brazilian society and economy in the previous decades. Between 1950 and 1980 
Brazil turned from an agrarian into a highly urbanized society, but with high lev- 
els of social and economic inequality between regions and social groups. 
Employment in the primary sector went from 59.9 per cent of the active popula- 
tion to 29.9 per cent in those 30 years, while industrial employment went from 
14,2 per cent to 24.4 per cent; the service sector, meanwhile, went from 25.9 per 
cent to 45.7 per cent (Faria, 1986). The industrial sector developed under the pro- 
tection of tariff and non-tariff barriers that shielded national, multinational and 
state-owned companies in the Brazilian territory from international competition. 
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By 1970, the Brazilian industry supplied roost of the demand for manufactured 
goods in the internal market, depending only on the import of sophisticated 
machine tools, chemicals, oil and electronics. A strategic program for develop- 
ment, set by the military government in 1968, sought to overcome these limita- 
tions. The country should build its own basic industry, develop its own sources of 
energy, and absorb the latest advances in science and technology. Starting with 
the second national development plan, public corporations were created or 
expanded, subsidies were provided for the private sector, and barriers were raised 
against foreign competition, to protect the country's infant industries. Science 
and technology were perceived as a central ingredient in this strategy, and 
received unprecedented support. 

This ambitious project of scientific, technological and industrial self-suffi- 
ciency, however, did not receive more than scattered support in the productive 
sector, and remained for the most part restricted to special segments of the state 
bureaucracy and the academic community. For most firms, including the large, 
state-owned corporations, the origin of technologies used in their activities was 
less important than their cost and reliability. Restrictions to the entrance of for- 
eign technology and capital — as it happened with the computer sector in the 
eighties — were perceived as a hindrance and a burden. This difficulty was 
accentuated because there was no understanding of the effective mechanisms and 
policies leading to technological innovation in the productive sector. The need to 
strengthen the country's basic technological infrastructure metrology, normaliza- 
tion, quality control and certification received only secondary attention, at least 
until the late seventies. 



Main initiatives 

The main initiatives of this period were the following: 

(a) the university reform of 1968, with the partial adoption of the American sys- 
tem of graduate education and the reorganization of the universities in terms of 
institutes, departments and the credit system; 

(b) the placement of science and technology under the responsibility of the eco- 
nomic policy authorities, which allowed for a much higher influx of resources to 
S&T than ever before; 

(c) the creation of a new federal agency for S&T under the Ministry of Planning, 
the Financing Agency for Studies and Projects, Finep, unencumbered by civil 
service routines and restrictions, and responsible for the administration of several 
hundred million dollars a year for science and technology support (Guimaraes, 
R., 1993); 
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(d) the establishment of a few large-scale centers for R&D, like the Coordination 
for Graduate Programs in Engineering of the Federal University in Rio de Janeiro 
(Coppe) and the University of Campinas, geared toward technological research 
and graduate education in engineering and sciences; 

(e) the beginning of several programs of military research, such as the space pro- 
gram and the "parallel" nuclear program; 

(f) the agreement with Germany for cooperation in nuclear energy, which was to 
create an autonomous capability in the construction of nuclear reactors based on 
locally reprocessed fuel; 

(g) the establishment of a policy of protected market for the computer industry, 
telecommunications and microelectronics, linked to an emerging national private 
sector; 

(h) the formulation, by the Federal Government, of successive national plans for 
scientific and technological development; 

(i) the establishment of centers for technological research under the main state- 
owned corporations, which sought to keep up with the technological frontier, 
develop standards and transfer technology to their main suppliers; 

(j) the strengthening and expansion of Embrapa, the Brazilian Corporation of 
Agricultural Research; 

(1) the consolidation of peer review procedures in some of the main public agen- 
cies for science, technology and graduate education: CNPq, Capes and the Sao 
Paulo Foundation for Research Support (Fapesp). The main federal agency for 
science and technology development in the seventies and eighties, however, 
Finep, never introduced systematic peer review procedures although it works 
routinely with external consultants. Larger decisions of resource allocation in 
CNPq also remained usually outside peer review. 



Crisis in the eighties and nineties 

It is possible to point to several weaknesses in an otherwise successful pol- 
icy of scientific growth. Links between S&T and the productive sector remained 
weak, lacking demands for advanced technology, in an economic environment 
characterized by protectionism and reliance on cheap labor and natural resources. 
The only significant exceptions occurred in the modern, export oriented sector of 
agriculture, which benefitted from research on the introduction of new varieties, 
the control of plagues, and the biological fixation of nitrogen, with very signifi- 
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cant gains in productivity (Malavolta, 1986); in sectors associated with the large 
state corporations, such as telecommunications, energy, and the chemical indus- 
try; in the production of military equipment; and in the computer industry, with 
the attempt to link research with a protected industry of small computers for the 
internal market (Lucena; Tigre). In the universities, the new research and gradu- 
ate programs remained often isolated from undergraduate education and teacher 
training. The quality of the scientific institutions created and expanded in the sev- 
enties was often not very high, and peer review procedures for quality control not 
always prevailed. 

After 1980, the science and technology sector entered a period of great 
instability and uncertainty, characterized by institutional turmoil, bureaucratiza- 
tion, and budgetary uncertainty. The evolution of national expenditures for sci- 
ence and technology in the eighties, as illustrated on table 1, followed two parab- 
olas. It grew in the first years of the decade, fell in 1983 and 1984, increased 
again with the short-lived economic expansion of the Cruzado Plan in 1985 and 
1986, and fell rapidly when inflation picked up again in 1988, reaching its lowest 
levels in 1991 and 1992 (Brisolla). In 1985, the National Fund for Scientific and 
Technological Development administrated by Finep was just one fourth of its 
1979 value. This instability and uncertainty were related to economic stagnation, 
but also to an expanding arena of conflicting interests striving for public funds, 
and to an increase in political patronage (Botelho, 1990 and 1992; box 2). The 
S&T sector became one among many interest groups pressing for more 
resources, sometimes with partial success, but losing ground on the long run. The 
same pattern took place in most public universities, particularly in the federal 
system. The growing unionization of academic and administrative personnel 
allowed for significant gains in salaries, employment benefits, and participation 
in the universities' management, but stifled the institutions' ability to improve 
quality and make better use of their resources. 

The World Bank supported Program for Scientific and Technological Devel- 
opment (PADCT I, 1985, followed by PADCT II in 1990) was conceived in the 
early eighties, when the full dimension of the crisis was still to unfold. The pro- 
gram was supposed to improve the decision making capabilities of government 
and to strengthen R&D in biotechnology, chemistry and chemical engineering, 
earth sciences and mineral technology, instrumentation, physical environment 
and science education. In practice, instead of building upon a basis of existing 
resources, PADCT became often the only source of public support for the fields 
included in its priorities. Instead of improving the country's management and 
decision-making capabilities, it may have had the opposite effect, by creating an 
additional bureaucratic layer upon the existing institutions (Stemmer). Contrary 
to some claims, PADCT did not introduce peer review in Brazil, which had 
existed since the fifties. However, it may have strengthened it, since its projects 
were significantly more substantial and were submitted to more detailed analysis 
and discussion than those of CNPq. 
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In the early nineties, there was a trend to make science and technology more 
directly relevant to industrial competitiveness, in a new international context char- 
acterized by increased market competition and the growing relevance of science 
based industries (Guimaraes, E., 1992). A few features of this trend can be listed: 

(a) the gradual extinction of market protection for computers, telecommunica- 
tions, microelectronics and supplying industries; 

(b) the transformation of Finep into an agency dealing almost exclusively with 
the financing of industrial technology, and the gradual reduction of the National 
Fund for Scientific and Technological Development (FNDCT), its main instru- 
ment for supporting academic and basic research; 



Box 2 

What global figures do not show 

Between 1985 and 1988 the federal government budget item related to general 
administrative expenditures jumped from 4.7 per cent to 10.4 per cent of the 
total expenditures for science and technology. This change reflects an increase 
in political patronage that takes hold of Brazilian bureaucracy at the time of the 
1986 elections. At thesame time, the National Commission for Nuclear Energy 
alone absorbs 25 per cent of this item, which was a way to provide money for 
discretionary expenditures for the Brazilian nuclear program. We can add to this 
figure the capital investments in state companies in 1988, which included the 
bailing out of Nuclebra's and other items marginal to science and technology as 
such, like airport infrastructure, debt payments, and others. The total comes 
close to one third of the federal budget for science and technology. This bureau- 
cratization of science appears also in the fact that, in that year, about 25 per cent 
of the resources from the Ministry of Science and Technology were used for 
administrative activities, most of it in its central administration (excluding 
supervised institutions such as the Institute for Space Research). The remaining 
expenditures were given to applied research (33 per cent), basic research (7,7 
per cent), graduate education (8.6 percent) and fellowships (6.5 per cent). Mili- 
tary expenditures took a significant bite from the applied research item: 12 per 
cent for the old National Security Council, 8 per cent for the Armed Forces 
General Staff (Emfa), and 5 per cent for the Navy. Science and Technology 
expenditures in the Ministry of Aeronautics were classified as "basic", and 
absorbed a third of that item. 

Botelho (1990, 1992). 
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(c) the increasing support and stimulus for the creation of "technological parks" 
near the main universities; 

(d) the freezing, or reduction of large governmental R&D projects, such as the 
nuclear and the military aircraft programs; 

(e) the establishment of a few governmental programs to stimulate quality and 
competitiveness in industry; 

(f) the increasing concern with university managerial autonomy and accountabil- 
ity, and transparent rules for public financing to the sector. 



Box 3 

Cooperation and partnership between university and industry 

The Department of Mechanical Engineering of the Federal University of 
Santa Catarina works in three important areas - fine mechanics, new mate- 
rials and industrial automation and quality control. It has a support program 
for small and mid-size industries financed by Germany's Geselschaft fur 
Technische Zusammarbeit, in an agreement with the Program of Human 
Resources in Strategic Areas of the Ministry of Science and Technology 
and cooperates with the state's Secretary of Agriculture in the development 
of agricultural equipment prototypes, and in the development of environ- 
mentally safe agricultural technologies, which has also the support of the 

World Bank. . , 

The Department has long-term contracts for research and development with 
many industrial firms, including Embraco, Portobello, Pirelli, Weg Mannes- 
man-Demaq, Braun-Boweri, Volvo, Bosch, Eletrosul, Copesp, CNEM and 
CTA Such contracts account for about 90 per cent of the department s research 
budget Contract proposals are evaluated and priced by a permanent commis- 
sion according to their technical interest. Profits from these contracts are 
applied to a fellowship research fund for undergraduate students. There were 
234 such fellowships in 1991. 

In 1984 the Department created a Regional Center for Technology Foundation 
(Cerci), and in 1991 it began a new project for local technological development, 
Tecn6polis. Both activities have the support of the state's Federation of Indus- 
tries and of state and local governments. Cerci works as an incubator' and 
since 1987 it generated six companies, and is nursing 15 now. The State Devel- 
opment Bank of Santa Catarina opened a special line of credit to finance new 
technologically intensive companies, which receive also tax exemption or 
rebates from the state and local governments. 

Based on Maria Helena M. Castro (forthcoming). 
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Given the persistence of economic stagnation and political uncertainty in 
the early nineties, this new- trend could not get fully established and show its . 
effects. The reduction of FNDCT deprived many research institutions from 
institutional support and the ability to work properly and retain their best peo- 
ple. The universities suffered from budget limitations, increasing salary costs 
and the absence of incentives for performance and efficiency (Schwartzman, 
L, 1993). On the positive side, the state universities in Sao Paulo were granted 
a fixed percentage of the state's tax basis for their financing, and increased 
autonomy to manage their resources. In some places, like at the School of 
Engineering at the Federal University of Santa Catarina (box 3), the situation 
led to new experiences of cooperation and partnership among university 
departments, local and foreign governments, private firms and donors, for 
research and development and for the creation of new high technology firms 
("incubators") (Castro, M. H., forthcoming). 



3. The achievements of the seventies and the realities of the nineties 

The scientific and technological competence acquired by Brazil in the last 
decades is an important asset for its continuous drive for social and economic 
modernization. There are, however, important questions and concerns about the 
adequacy of this system of S&T, as it was organized in the seventies, to achieve 
what is expected from it Part of the difficulty lies in the persistence of the 
assumptions that presided the S&T policies in the sixties and seventies, when 
faced with the realities of the nineties; and part on the structures and vested inter- 
ests created along these years. 



The " 'endless fwntier" 

The basic assumptions that presided the development of S&T in Brazil dur- 
ing the sixties and seventies were not very different from those in the United 
States and other developed countries at the time. In both cases there was the 
notion of science as an "endless frontier", worth expanding for cultural reasons, 
for its beneficial effects in the quality of education, and for its promises in terms 
of practical applications. All fields of knowledge were equally deserving, and 
all good projects and initiatives should get public support. There were other 
resemblances: the importance given to military R&D; the notion that scientists 
should be funded by the State, free to control their institutions and distribute 
research resources according to their own criteria; and the assumption that 
social and economic benefits to society as a whole would necessarily derive 
from basic S&T in the universities and military research in government institu- 
tions (Branscomb). 
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Planning 

There were also important differences. Brazilians believed more in compre- 
hensive planning, and in planning for science and technology, than Americans did. 
There was, as there is still, a dire need for reliable information, and stable decision 
procedures for resource allocation and the establishment of long-term projects. The 
tradition was to try to fulfill these needs with comprehensive planning exercises, 
which could be turned into law and administered by the bureaucracy, thus making 
further decisions unnecessary. Three National Plans for Scientific and Technologi- 
cal Development were issued since the early seventies. Complex coordinating bod- 
ies (such as the Council of Science and Technology, CCT) were devised to try to 
link the research activities of different ministries. The Ministry of Science and 
Technology was created in 1985 as a response to demands from leading personali- 
ties in the scientific community, which expected it to fulfill this planning and coor- 
dinating role, making it more relevant to the country's economic and social needs. 
The notion that these links were to be achieved through centralized planning con- 
tributed to the development of large bureaucracies for S&T administration. CNPq 
and Finep increased their staff several times between the sixties and the eighties, 
and the bureaucratic apparatus of the new ministry also grew. 



Import substitution in science 

Another difference was that the development of S&T in Brazil was understood 
as part of a broader pattern of import substitution that was dominant in the economy, 
and led to barriers against foreign competition and the protection of infant indus- 
tries. Although Brazil never attempted to develop a "national science", and valued 
its access to the scientific international community, 5 the level and intensity of inter- 
national interchanges was never as intense as that of other small scientific communi- 
ties (Schott), and its research institutions and programs were seldom exposed 
directly to international standards of quality and evaluation. Considerations about 
regional inequalities and short-term needs, and political pressures for the creation of 
academic and research institutions throughout the country, led often to the weaken- 
ing in the criteria for resource allocation by the government agencies. 



Elitism in technology and education 

A final feature of the Brazilian S&T development effort has been the elitism of 
its technology and educational policy orientations, despite the political and socially 



5 There were several proposals to create a typically "Brazilian" social science, based on the country's 
peculiar historical and cultural nature, from Gilberto Freyre to Alberto Guerreiro Ramos. Nothing 
similar, however, ever existed in the natural sciences, except in applied fields such as agriculture, nat- 
ural resources and earth sciences, as shoud be expected. 



18 



progressive outlook of many of its promoters. Military technology was expected to be 
the harbinger of economic and technological modernization, leading to a dispropor- 
tionate concern in government, diplomatic and academic circles, with the interna- 
tional constraints on the transfer of sensitive technologies. The two PADCT programs 
placed strong emphasis on the higher-end, frontier technologies, with a much smaller 
place given to science education, management and diffusion. Except in the field of 
health, there were no organized efforts to bring the benefits of scientific knowledge to 
the population as a whole, or to the basis of the productive system. In spite of the ini- 
tial influence of the American Land Grant colleges, Brazilian agricultural education 
and research remained restricted to a few institutions, and geared to the capital inten- 
sive, export sector of the economy (Azevedo). The recent effort to develop indige- 
nous capability in computer science concentrated in the protection of the national 
hardware industry, rather than in the generalization of the use of the new technologies 
and competencies throughout society (Lucena; Tigre). 



Table 2 

Brazil, education figures: population of five years of age and above 



Brazil 



Women 



Rural 



Northeast 



Literacy (1990): can read and write (self-reported) 



five years and more 
10 to 14 years 
60 years and more 



76% 



56% 



77% 



53% 



70% 
32% 



Educational attainment (years completed) 



Total 

one or more 
two or more 
three or more 
four or more 
five or more 
six or more 
seven or more 
eight or more 
nine or more 
12 or more 
total (thousands) 



100% 
82% 
77% 
6S% 
59% 
41% 
33% 
29% 
25% 
18% 
6% 
113,629 



100% 

82% 
77% 
70% 



42% 
34% 
30% 
26% 
19% 
6% 
58,373 



100% 
65% 
57% 
46% 
34% 
17% 
11% 



4% 



28,011 



57% 
67% 
44% 



100% 
65% 
57% 
48% 
39% 
28% 
22% 
19% 
16% 
12% 
3% 
31,614 



Source: Fundacao IBGE, Anufoio Estatistico, 1992. 
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In education, Brazil tried to generalize the university research model before 
any serious attempt to deal with the problems of basic, secondary, technical and 
mass higher education. In consequence, the country has, simultaneously, some of 
the best universities and graduate programs, and one of the worst and unequal 
systems of basic education in the region. In practice, the university research 
model remained restricted to a few public universities in the Sao Paulo and in the 
federal system. Most other public institutions incorporated the institutional fea- 
tures and costs of modern universities (including full-time teaching, departmental 
organization, integrated campi, besides free tuition), without adequate mecha- 
nisms for quality assurance and the efficient use of public resources. About 65 
per cent of the students in higher education do not have access to public institu- 
tions, and attend the less prestigious, paying private institutions (Goldemberg, 
1993; Schwartzman, Durham & Goldemberg, 1993). 

Brazil had always been a highly stratified and unequal society. Even when 
the intention was there, governments had faced enormous difficulties in reaching 
the broader population with services like education, health and extension work. 
This situation should be reversed, but this does not mean that efforts to create 
good universities and competent research groups should be postponed until the 
problems of basic, technical and secondary education are solved, since these 
skills and competencies are essential for carrying on the needed transformations. 
It would be a mistake, however, to suppose that scientific, technological and edu- 
cational investments could not have had a broader impact on professional educa- 
tion and the dissemination of general and technical competence than they did. 
They can, but specific policies are needed for that. 



4. New realities 

Changes in the role of science and technology in the international scene 

The international scene for science and technology has changed dramati- 
cally since Brazil begun its drive for S&T development in the sixties. The main 
features of the new context can be described as follows: 

Science and technology are much closer to industry and markets than before 
(box 4). Industries depend, for the development of new management skills, pro- 
cesses and products, on specialized knowledge that cannot be generated any- 
more, as a matter of course, in their daily activities. The consequences have been 
an increase in R&D investments, the setting up of specialized laboratones and 
research departments, and the search for new links with universities. There is a 
renewed concern with the problems of intellectual property, which occurs in 
association with an expanded knowledge industry, carried on through licensing, 
technical assistance projects and international consulting. 
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Box 4 

Fundamental and economically relevant research: the new links 

In all industrial countries, governments have tended to shift, in recent years, to 
indirect .actions intended to promote the development of a trade-oriented 
research environment: legislative and regulatory measures considered to be 
obstacles to the diffusion and application of knowledge have been lined (for 
example, various anti-trust regulations were removed in the United States to 
facilitate pre-competitive research co-operation between firms); new rules were 
adopted to encourage scientists to take a more active interest in the exploitation 
of their work (for example by allowing academic research-workers and institu- 
tions to apply for patents, even when the invention had been the result of feder- 
ally sponsored programs, or by relaxing academic rules so that professors could 
participate in commercial ventures); incentives multiplied in order to promote 
science-based industrial activities (i.e. fiscal incentives, schemes to develop 
employment of scientists by firms of all types, research funding instruments for 
industry-university collaborative ventures, and so on). 

This focus has been accompanied by gradual re-direction of the public research 
support towards new types of programs, in order to channel efforts onto areas of 
greater economic relevance. This has affected all types of research activities. For 
example, institutions that have traditionally been basdons of fundamental research 
(from the CNRS in France to the National Science Foundation in the United States) 
devote more and more attention to applied research and strategic research justified 
by its economic implications. Pre-competitive research activities have multiplied to 
bring together academic and industry scientists. Certain disciplines receive 
renewed attention and expanded support, when they relate to the "sciences of the 
artificial", or "transfer sciences", ranging from mechanical and chemical engineer- 
ing to medicine and pharmacy. And economic relevance increasingly becomes an 
essential yardstick in the assessment of research proposals everywhere. 

Georges FemS. 



The pace of technical innovation and competition in industry has accelerated, 
requiring from firms a permanent capability to change its organization, absorb new 
technologies and processes and generate new products. This is leading to signifi- 
cant changes in the composition of the industrial labor force, with more emphasis, 
given to highly skilled and motivated workers at all levels, and drastic reductions in 
administrative personnel and non-qualified employees. Consequences of this accel- 
eration of the pace of technical progress and intensification of market competition 
include the growing internationalization of industries and markets and the redefini- 
tion of production lines, with specialization in some segments of the production 
chain, or in some market niches. New associations and mergers, very often with 
companies from different countries, are also prompted by the high financial costs 
of R&D and the shortened life-cycle of new products. 
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Box 5 

Major changes in American S&T policies 

Americans now understand that the world has radically changed. But the para- 
digms on which the post-war S&T policy consensus rests are still firmly planted 
in many people's heads, especially in Washington, and the institutions of govern- 
ment that will be needed to implement a new consensus have changed hardly at 
all. But three major changes in the US will require not only a rethinking of tech- 
nology policy, but changes in institutions and new international linkages as well: 

(a) recognition that defense priorities will no longer dominate the US federal gov- 
ernment's technology policy. Instead defense must face a drastically shrunken pro- 
duction and weapons acquisition base, will have to increase the fraction of the 
defense budget devoted to exploratory development and prototyping, even as the 
defense R&D budget decreases. Because the technologies critical to the new force 
structure will increasingly fall into areas in which commercial industry is ahead of 
defense industry, especially the information and communications technologies, 
defense agencies will have to gain access to commercial technologies. This will 
require radical change in defense acquisition policies and practices; 

(b) recognition that progress in modern, science-based engineering depends 
increasingly on a publicly-provided infrastructure of basic technical knowl- 
edge, tools, materials, and facilities. Between the realms of basic science and 
proprietary technology there lies a large domain of public good technology, 
whose value in application is clear but in which firms underinvest because of 
low appropriability of the benefits. Much of this "infrastructural technology" 
supports the creation and improvement of design and process technologies. 
Such capabilities concurrently support military, commercial, and environmen- 
tal goals. But reliance on "spin-off* from mission-oriented government R&D, 
on generation by hard pressed private investors, and on technology-forcing 
through administrative and tort law does not provide the nation with the long 
term capability to remain both a technological and economic leader. In short, 
we need a publicly supported technology base, supporting industry's capabil- 
ity to create technologies for all three areas of national need; 

(c) recognition that economic performance in a competitive world economy rests 
primarily on how well the society uses the existing base of technology, skills, and 
scientific understanding, and only secondarily, and accumulated over time, on 
annual additions to this stock of capability. It follows, then, that the government's 
technology policy must give much greater emphasis to the diffusion of technical 
knowledge and skills. The primary elements of a diffusion strategy are: aggregat- 
ing, evaluating, communicating, and absorbing non-proprietary information. The 
primary mechanisms are through education, mobility of technical personnel, and 
networks (both facilities and institutions) for promoting cooperation and sharing. 
The states, as well as federal agencies, have major responsibilities here, especially 
for industrial extension services. 

Lewis Branscomb. 
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Science is becoming more global. The speed, quality and low cost of inter- 
national information flows bring researchers and research sites into immediate 
contact. The spreading of technological products and processes by international 
firms disseminates similar patterns of consumption, organization and work. It is 
much easier now to have access to the international scientific community than in 
the past, and the international mobility of talented researchers was also simpli- 
fied. Simultaneously, there are increasing entrance requirements in terms of the 
standardization of scientific instruments, language and patterns of communica- 
tion, leading to new inequalities and concentration of resources and skills. 

As the economic and military importance of scientific and technological 
knowledge increases, there is a growing tendency to limit its diffusion through 
legislation on intellectual property and governmental barriers to the ; diffusion of 
"sensitive" technologies. This tendency, however, is offset by the intense interna- 
tional competition of firms and governments to sell their technologies, and by the 
lack of well-defined boundaries between academic (and therefore free) and pro- 
prietary knowledge. The net result is that the bulk of modern technology is avail- 
able for countries with the necessary pool of competence in engineering and 
basic sciences, except for a few military items that can still be controlled by the 
main powers. 

More recently, the end of the cold war is forcing the major powers into a dif- 
ficult process of downsizing their military establishments, which is altering the 
traditional association between military R&D, industrial technology and basic 
academic research. Part of these resources will move to applied fields like health, 
the environment and energy, and new associations between government, research 
institutions and private corporations are likely to emerge. In these countries, sci- 
entific innovation in the new, civilian dominated context will be likely to be 
driven by markets and short term social demands, rather than by government 
"requirements"; to be more incremental; more closely related to manufacturing 
and service; and more cost-conscious than in the previous years (box 5). 



Changes in the nature of the scientific enterprise 

The "simplest linear model" of scientific development and technological 
change is being abandoned. It assumed the existence of a pattern of fundamental 
research yielding discoveries and leading to the experimental findings of applied 
science, which allowed for acts of invention, which provided the basis of entre- 
preneurial innovation, creating new products and processes, which were later dif- 
fused by imitation and reverse engineering (David, 1992). The current view is 
much more complex. Scientific discoveries often take place in the context of 
application; there is no clear-cut distinction between basic and applied work; tacit 
knowledge and incremental improvements are more important than isolated sci- 
entific breakthroughs. One consequence of this changing perspective is that sup- 
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port for basic research has lost ground, when not linked to identifiable products 
and results. 

The development of new patterns of international scientific cooperation, 
with the establishment of large-scale international ventures such as the Human 
Genome Project and global research activities in the fields of meteorology, global 
warming, astrophysics, and regional cooperative projects. While traditional "big 
science" programs, such as the European Consortium for Nuclear Research 
(CERN), were characterized by large scientific installations, the recent ones tend 
to be organized in terms of extended and closely linked networks of scientists and 
research groups. For small scientific communities, the alternatives are either to 
participate in some aspects of these ventures, or to lag further behind (box 6). 



Box 6 

European cooperative projects 

Eureka projects: 

646 projects in nine areas: medical and biotechnology, communications, 

energy, environment, information technology, lasers, materials, robotics and 
production automation, transport. 

— EU 95: High Definition Television, 1986-93; budget: US$750 million. 

— EU 127: Joint European Submicron Silicon Programme, 1989-96; budget: 
US$4.6 billion. 

European community projects: 

— Framework III Programme, 1990-94; 12 member countries, precompetitive 
research; total budget, US$7.99 billion. 

— DGXII: science, research and development. Brite/Euram: industrial and 
materials technologies, plus other research programs. 

— DGXIII: information technology and communications. Race: communica- 
tion technologies; Telematics: information exchange. 

— DGIII: industry. Esprit (moved from DGXHI). 

Science, 1993. 



Because of its increasing costs, economic benefits and potential dangers, 
science and technology activities are more closely watched by society than in the 
past. Public controversies blur the frontiers between technical expertise and com- 
mon knowledge, and a host of new activities and disciplines linked to scientific 
assessment have emerged, dealing with questions like technological forecasting, 
technology assessment and the evaluation of environmental effects of innovation. 
The social sciences have acquired new relevance in this context, in the study of 
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the economics of science and technology, the understanding of the social pro- 
cesses of education and knowledge production, the interpretation of public con- 
troversies, and in the analysis of public policy-making related to the field of S&T. 
The traditional organization of the scientific enterprise is under criticism. 
The division of academic departments and scientific institutions along disciplin- 
ary lines is being questioned on its ability to provide the proper training and con- 
ditions for interdisciplinary research. At the same time, there are no clear alterna- 
tives to the conventional organization of teaching and education along disciplin- 
ary lines, bringing a further source of tension between teaching and research. 
Government agencies for science support are being revised and transformed. The 
links between universities, government and industry are deeply changed by new 
patterns of technical education, cooperative research and financing, generating 
new opportunities and tensions. Traditional scientific careers are perceived as 
less rewarding, prestigious and secure than in the past, while new professional 
patterns emerge. 

Changes in the nature and capabilities of the Brazilian State 

Brazil, which presented one of the world's highest rates of economic growth 
until the seventies, did not adapt to the changing international environment of the 
eighties, and entered a prolonged period of economic stagnation cum inflation 
from which it is still to recover. Different explanations are given to this fact, 
going from the exhaustion of the import substitution model that characterized the 
country's economy since the thirties, to the political and institutional inability of 
governments, since the eighties, to carry on long-term policies, in a context of 
international hardship and intense political competition for public subsidies. 
There is a clear notion, today, that the State has to reduce its size and its presence 
in the economy, while gaining competence to set and carry on long-term policies 
of economic growth, social welfare and environment protection. It is not clear, 
however, how this change should affect the S&T sector. 

This situation of instability and lack of vision affected the S&T sector in two 
important ways. The most obvious was the reduction of resources for most exist- 
ing programs, and the lack of perspectives for new projects and initiatives, even 
when international commitments, such as the loan contracts with the World Bank 
and the Interamerican Development Bank, required well defined matching funds 
according to prescribed timetables. Probably more important were the problems 
of institutional and financial instability. The Ministry of Science and Technology 
changed name and status several times, budgets allocated to R&D institutions 
oscillated, and the actual delivery of these funds depended on constant, painful 
and daily negotiations with often unsympathetic economic authorities at the 
lower ranks in the bureaucracy. Not only resources were limited, but there was no 
consensus in government, public opinion, or international agencies, about the 
importance and role of scientific research, or about matters like basic versus 
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applied, civilian versus military, academic versus industrial research. This insta- 
bility has been a matter of great concern, given the long time it takes for scientific 
institutions to mature, compared with the speed in which they decay in conditions 
of budgetary and institutional insecurity. In the early nineties, the state of Brazil- 
ian science and technology can be summarized by the following points. 

The federal agencies for science and technology support (Finep and CNPq) 
are very limited in their ability to grant resources for research projects. Most of 
CNPq's resources are used for fellowships, while Finep is specializing on loans 
to technology projects in the private sector. On the other hand, Sao Paulo's Foun- 
dation for Research Support (Fapesp), was preserved as an efficient and presti- 
gious institution, and even increased its share of the state's main tax revenue 
(from 0.5 to 1.0 per cent), supposedly for applied work and industrial develop- 
ment. Several other state-level research support institutions were created in the 
late eighties, but few are active and efficient. 

The administrations of some federal agencies for S&T suffer the effects of 
swelling bureaucracies, low salaries and political militancy of their employees. 
Others, on the contrary, are understaffed, and unable to hire adequate persons to 
fulfill their functions. CNPq has been particularly affected by a permanent ten- 
sion between its employees and the council's academic advisory bodies. Most 
federal research institutions, including the research institutes under CNPq, are 
paralyzed by lack of resources and incentives. 

There is no consensus about what to do with the large-scale projects of the 
past, which are in large part paralyzed by lack of resources. The military doctrine 
of technological development from the seventies seems intact within the Armed 
Forces, in spite of the current constraints. None of the large projects was discon- 
tinued — the atomic submarine, the space project (including the development of 
rockets and satellites) and the construction of military airplanes. The space 
project is moving from military to civilian control, and the government has sent a 
bill to Congress to create a Brazilian Space Agency, which would consolidate 
this transition (Cavagnari). 

Benevolent legislation allows for early retirement (at the age of about 50), 
with full benefits, of many professors in public universities and the civil service. 
About 30 per cent of current expenditures in the federal universities are used for 
retirement benefits, and this figure is growing. Lacking information, it is difficult 
to know how this is affecting the pool of active researchers, whether they are 
continuing their activities in other (and sometimes the same) institutions, and 
how they are being replaced. The general perception is that the private benefits of 
early retirement, combined with the instability and low prestige of many teaching 
and research institutions j are depleting Brazil's active scientific community. 
While this situation does not change, it is important to stimulate the retiring, 
well-qualified professors to remain productive in other roles, starting for instance 
new careers as entrepreneurs. Retirements should be used also as an opportunity 
to open the vacancies to a new generation of young academics and researchers. 
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Box 7 

Activities of the Ministry of Science and Technology, 1993 

1. Permanent activities carried on by MCT or with its support: 

(a) large projects involving investments in basic infrastructure; 

(b) research projects in the basic, natural and social sciences; 

(c) technology development projects in the fields of biotechnology, with 
emphasis on genetic engineering and its applications; in new materials, 
including microelectronics; in chemistry, including the synthesis of natural 
products, all with strong impact in the modernization of the productive sys- 
tem. 

2. Regional programs, like the weather and climate forecast projects for the 
Northeast and the Center-South regions. 

3. The definition of new legal and financial instruments for the S&T sector: 

(a) incentives for industrial investment in R&D; 

(b) rules for the implementation of the informatics and the Amazon Free Zone 
legislations; 

(c) utilization of resources derived from the privatization program for strategic 
projects such as the Satellite Launching Vehicle, the supercomputer of the 
National Laboratory of Computer Sciences, the National Laboratory of Syn- 
chrotron Light, the National Laboratory of Nuclear Physics, the research pro- 
gram in the Antarctic region and the survey of natural resources in Brazil's con- 
tinental shelf; 

(d) creation of the National Commission for Industrial Technological Qualifi- 
cation; 

(e) establishment of the program for software production for the international 
market; 

(f) writing and follow up of new legislation for the S&T sector: for patents, 
software, vegetal diversity, topography and integrated circuits, trade of sensi- 
tive technologies, and the creation of Brazil's space agency. 

Jose Israel Vargas (1993). 



Within these extremely adverse conditions, the Ministry of Science and 
Technology is trying to put forward some ideas and policies for the sector 
(box 7). One of its main tasks has been to assure a regular flow of budgetary and 
non budgetary resources to the sector. The proposal for the federal budget is to 
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obtain between US$1 billion and US$1,5 billion for the activities under the Min- 
istry of Science and Technology for 1994. The government has decided that a 
substantial part of the resources obtained through the privatization of public com- 
panies should go to the science and technology sector; and recent legislation 
granted tax benefits to firms engaged in technological development. The official 
expectation is that these two sources alone could double the resources for science 
and technology for 1994. The ministry is also engaged in continuous negotiations 
with economic authorities for the stabilization of the flux of resources to the 
agencies, and with international institutions for continuing or renewed support 
for the S&T sector. The second goal of the ministry is to continue and conclude 
some of the large projects that have already started, and are stalled for the lack of 
resources. The two most preeminent are the space and satellite program and the 
laboratory of synchrotron light. The ministry has also proposed a bill establishing 
a unified career structure for researchers and employees in federal institutions. In 
the Ministry of Education, Capes, the agency for high level manpower education 
and training, maintains a stable line of fellowships and support for graduate pro- 
grams. Some projects created during the Collor period (1990-92) to stimulate 
quality and competitiveness in the industrial sector are still in place, although 
with very little resources to go on. 



Box 8 

The internationalization of trade, business and technology 

The internationalization of trade, business and technology is here to stay. This 
means that national borders means much less than they used to regarding the 
flow of technology, at least among the nations that have made the now needed 
social investments in education and research facilities. National governments 
have been slow to recognize these new facts of life. Indeed, the last decade has 
seen a sharp increase in what has been called "techno-nationalism", policies 
launched by governments with the objective of giving their national firms a par- 
ticular edge in an area of technology. Our argument is that these policies to not 
work very well anymore. It is increasingly difficult to create new technology 
that will stay contained within national borders for very long in a world where 
technological sophistication is widespread and firms of many nationalities are 
ready to make the investment needed to exploit new generic technologies. A 
closely related observation is that a well-educated labor force, with a strong 
cadre of university trained engineers and scientists at the top, is now a require- 
ment for membership in the "convergence club". 

Nelson & Wright (1992). 
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5. A new policy for a global world 

In spite of the large science and technology gap between Brazil and the lead- 
ing industrial nations, there might be an opportunity for convergence that should 
not be missed. Access to international information is cheap; circulation and 
mobility of scientists are intense; technologies for products and processes are 
offered in a highly competitive international market; multinational corporations 
spread their branches and research facilities throughout their world, depending 
on local conditions. The main requirements to seize this opportunity and share 
these knowledge resources are the country's social capabilities, which are essen- 
tially a matter of education and scientific competence (Abramovitz, 1986; Nelson 
& Wright, 1992; box 8). While science and technology are becoming more inter- 
nationalized, the requirements to participate in their benefits remain local and 
national, and depend on purposeful efforts from local and national governments. 

The main thrust of this policy paper is that there is a definite need to move 
from the previous mode of scientific and technological development into a new 
one, more adequate to the current and future realities. Science and technology are 
more important than ever for Brazil, if the country is to raise the standards of liv- 
ing of its population, consolidate a modern economy, and participate as a signifi- 
cant partner in an increasingly integrated and global world. 6 The economy must 
modernize, and adjust to an internationally competitive environment. Education 
should be expanded and improved at all levels. As the economy grows and new 
technologies are introduced, new challenges will emerge in the production and 
use of energy, environment control, public health, the management of large urban 
conglomerates, and changes will occur in the composition of the labor force. 
Strong indigenous competence is necessary to participate as an equal in interna- 
tional negotiations with important political and economic consequences for Bra- 
zil, in areas such as the protection of intellectual property and rights of access to 
information, norms of environment control and the establishment of technical 
standards in international communication networks. A traditional, laissez-faire 
approach to scientific and technological development will not produce the neces- 
sary competence on the scale and quality needed for these tasks, and will not 
make them as useful as they can be. There is little place left for protected technol- 
ogies under artificial conditions, and large-scale, sophisticated and highly con- 
centrated technological projects are not likely to spin off into education and 
industrial development as a whole. Attempts to bring the whole field of science 
and technology under the aegis of centralized planning and coordination run the 



6 The term "global" conveys the notion of an interdependent world civilization, with permeable 
boundaries and no clear hegemonic centers. There is a growing literature on the global nature of mod- 
em societies. See for instance Albrow & King, 1990; Robertson, 1992; Featherstone, 1992; Waller- 
stein, 1990. 
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risk of stimulating large and inefficient bureaucracies, and to stifle initiative and 
creativity. 

The new policy should implement tasks that are apparently in contradiction: 
to stimulate the freedom, initiative and creativity of the researcher, while estab- 
lishing strong links between their work and the requirements of the economy, the 
educational system and of society as a whole; and to make Brazilian science and 
technology truly international, while strengthening the country's educational and 
S&T capabilities. To achieve this, the individual researcher, and their research 
unit or laboratory, should be freed from bureaucratic and administrative con- 
straints, and stimulated to look for the best opportunities and alternatives, in the 
country and abroad, for the use and improvement of his competence. This 
requires, in turn, a competitive environment based on public incentives and pri- 
vate opportunities that rewards achievement, increases the costs of complacency 
and underachievement, and gears a substantial part of the R&D resources toward 
a few important and strategic selected goals. More specifically, the new policy 
should include the following tasks: 

(a) to increase the links between academic science and the productive sector, and 
to increase the share of the latter in the national effort for scientific and techno- 
logical development, approaching the patterns of the modern, industrialized 
economies, where most of the R&D effort takes place in the productive sector. 
This requires a significant increase in private investments in R&D, not a reduc- 
tion of the already limited public funds; 

(b) to create two different "markets", one for academic science, another for 
applied technology. The academic market needs a system of rewards and incen- 
tives for scientists, appropriate ^career structures, and means to increase public 
support for science. The market for applied technology should combine the 
requirements of competence and quality with those of economic feasibility and 
social need; 

(c) to increase the links between science, technology and education, from the 
graduate programs down to technical and basic education; 

(d) to invest heavily in the development of innovative capabilities of the produc- 
tive system as a whole, through incentives, extension programs and the strength- 
ening of the country's infrastructure for basic technology; 

(e) to support a few integrated projects of clearly identified social and economic 
relevance and in need of S&T research and education, in areas such as energy, 
environment preservation and control, transportation, public health, food produc- 
tion, and in social fields such as basic education, poverty, employment and the 
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management of urban conglomerates (Goldcmberg, J., 1993; Skole & Tucker,. 
1993; Castro, N.A.); 

(f) to create the conditions for Brazil's participation in international programs 
dealing with global issues; 

(g) to make the government agencies for science and technology more flexible 
and bound to peer review procedures, and to stimulate research groups and insti- 
tutions to search for partnership and support from a variety of sources and 
through different procedures, beyond what governments can provide and do. 



6. Policy recommendations 

To achieve these goals, the following recommendations are made: 



To redirect the country's technology policies in line with the new economic 
realities 



Box 9 

Technology transfer: the new economic policy orientations 

Regarding the transfer of technology from abroad, it is necessary to preserve 
and consolidate the economic policy orientations introduced in the nineties, 
aimed to remove existing obstacles and restrictions affecting the main transfer 
channels — the import of capital goods, technology contracts' and foreign 
investment. It is necessary to go further regarding the use and diffusion of for- 
eign technologies incorporated in capital goods, with the liberalization of 
import mechanisms for equipment, and the reformulation of the informatics 
policy. It is also necessary to proceed with the revision of the traditional admin- 
istrative procedures for the registration of technology transfer contracts. These 
practices amounted to strong government intervention and restrictions in the 
transference process. In the same vein, policy changes in the informatics sector, 
eliminating restrictions to the presence of foreign companies and the establish- 
ment of joint-ventures, helped to remove a significant block to technological 
transfer, which was specially important because it affected precisely the indus- 
trial sectors where technical progress is more intense. 

Eduardo A. Guimaraes. 
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Box 10 

Recommendations about the patent law 

— Some changes, such as the concession of patents to pharmaceutical products 
and process, are unavoidable to normalize Brazil's international economic rela- 
tions. 

— The new legislation should be based on the text being negotiated within 
Gatt, as it is the case of the proposal put forward by the Interministerial Group. 
American pressures to include the patenting of life forms and the "pipeline" do 
not correspond to internationally accepted rules as yet. In addition, no short- 
term agreement of free trade with the United States is being considered, to jus- 
tify such concessions, A rapid approval of a new legislation without transition 
adjustment periods for specific industrial sectors would attend, in general 
terms, American demands. 

— Industrial property is just one policy instrument for science and technology. 
Investments in research and development, institutional environments and a 
competitive context are more important for scientific and technological devel- 
opment than patent legislation. 

— The revision of the Code of Industrial Property should not be interpreted as 
a way to attract direct foreign investment in research and development. This 
revision is required above all by the need to stabilize Brazil's international eco- 
nomic relations, specially with the United States. 

— Patents are important as an asset in the competitive strategies of firms. In 
this sense, it is important for sectors that are potentially more dynamic in terms 
of new technology generation, such as biotechnology. 

Patent legislation, in short, should not be confused with "nationalism" or "iso- 
lationism". The revision of the Code of Industrial Property is an unavoidable 
consequence of the current international scenario. 

Lia Vails Pereira. 



Technology policies are needed to make it possible for the country to enter a 
new pattern of industrial growth, centered on increasing levels of competitive- 
ness. On the short run, the policies should be geared to the reorganization and 
technological modernization of the industrial sector. Then, permanent policies 
should exist to induce the more dynamic sectors of the productive system to enter 
a continuous process of innovation and incorporation of new technologies, to fol- 
low the rhythm of technical progress in the world economy (box 9). Both 
approaches require, as the main priority, the incorporation of existing technology 
to the productive process. Sectorial policies are needed for the reorganization and 
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technological modernization of less efficient parts of the economy, and for the 
consolidation and expansion of the more dynamic industrial sectors. Support for 
research and development activities should be selective, and clearly associated 
with broader processes of innovation based on the transfer, diffusion and absorp- 
tion of technological competence. 



Box 11 

Financial stability and the PADCT 

Financial stability is essential for reaching results, specially for experimental 
laboratories. There is no point in granting resources to buy expensive equip- 
ment if there are no additional resources for installation, operation and mainte- 
nance, and more specifically for hiring and training technicians to operate it. 
Large time lags occurred frequently within EADCT between the arrival of 
equipment and the availability of operational resources. Difficulties to import 
equipment created absurd situations in which projects were to be carried on in 
one or two years, bat the equipment arrived two or three years later, when there 
was no money left for installation, salaries, training and operation. 
Long-term programs are needed, specially for centers of excellence. Projects 
could be approved for several years, with a firm commitment for the first year 
and additional payments pending on periodical reports, evaluations and the 
availability of resources. Each year, the researcher would submit a progress 
report and an annual budget for the following period. In theory, if resources did 
not exist, the agency would not approve the extensions. In practice, even if bud- 
gets are reduced, there will be always some resources for the maintenance of 
the most important projects. Contracts should spell out clearly that long term 
financial commitments may not be fulfilled if the agency's budget is reduced in 
the future. A substantial part of the projects should be made for the long term, 
that is, for more than three years. 

Requests for continuation and extension of existing projects should always be 
considered, even if they do not fit the terms of the bids being analyzed at the 
time. Such requests should provide a careful report about the results achieved 
with previous grants. 

Caspar E. Stemmer. 



The issue of protectionism versus market competitiveness in scientific and 
technological development should be dealt in pragmatic, rather than in ideologi- 
cal terms. It is impossible, and it would be tragic, to shield the country from the 
technological revolution that is taking place in the world. A key element of this 
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revolution is the role of multinational corporations and international trade in the 
development and diffusion of modern technologies, which makes the issues of 
technological development and international trade so intertwined. At the same 
time, a country should not renounce to its instruments of technological and indus- 
trial policy, including tax incentives, tariff protection, patent legislation, govern- 
ment procurement and long-term investments in technological projects, in associ- 
ation with the private sector. The aim of these policies should be always to 
improve the country's scientific and technological competence, and reap the ben- 
efits of increased efficiency, productivity and trade. In this context, adequate leg- 
islation for patents and intellectual property should be established, with the 
understanding that they are necessary for the normalization of Brazil's relations 
with the industrialized countries, although, on itself, such legislation could nei- 
ther guarantee nor jeopardize the technological advancement of Brazilian indus- 
try (box 10). 

To protect the existing pool of scientific competence 

Many of the best R&D institutions and groups are being dismantled by abso- 
lute lack of resources, and emergency measures are needed to deter this process. 
The government should guarantee a stable and predictable flux of resources to its 
main S&T agencies for their daily routines and "over the counter", peer reviewed 
research supporting activities. The problem is not just of limited resources, but 
above all of lack of institutional stability and commitment with the sector, since 
the resources needed is not very high. Special programs like the PADCT could be 
used for this purpose (box 11). 

Not only the agencies need to have their resources, but the most qualified 
research institutions and groups should be preserved in their ability to keep their 
best researchers and their work. There is a proposal being discussed for several 
years to establish a network of laboratories and research groups to be supported by 
government through long-term grants based on past performance ("laboratorios 
associados"), which requires prompt implementation. Estimates of size and cost of 
such a network vary, but the scale of the operation is not too difficult to determine. 
Of the estimated 15,000 active researchers in the country, about a third, or 5,000, 
could be included in 200 such "laboratories" of 25 persons each, supported with 
US$1 million a year in average, or US$40,000 per person, US$200 million in total. 
This would be the cost of keeping the pool of competence in place, providing a 
basis from which other policies can be devised. A similar amount will be needed to 
provide these laboratories with basic equipment and infrastructure. Most of this 
money is already being spent as salaries by universities and other government 
agencies, so that the cost of this program would be even less (although the 
resources for research and infrastructure should be provided in addition to what is 
needed for regular graduate education). Ideally, the program should compensate for 
oscillations in salaries, guarantee resources for current expenditures, and provide 
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means for the acquisition and modernization of scientific equipment, regardless of 
the group's institutional location. Resources should be allocated competitively, 
under strict peer review evaluation, and for limited periods (typically three to five 
years). The criteria for allocation should be the laboratories' track records, the qual- 
ity of their researchers, their ability to get funds from other sources, and their long- 
term perspectives and projects. 

This network of research laboratories should be strengthened by a specific 
line of support' for individual scientists, allowing them to move around to find the 
best places to use their competence; laboratories could be rewarded for the qual- 
ity of people they can attract. 

A competent and prestigious peer review procedure is essential for the 
project of "laborat6rios associados" to work. On the long run, difficult problems 
of choice between equally competent groups and proposals may appear, requiring 
decision procedures that go beyond traditional peer review. However, given the 
current small size of Brazil's scientific community, most competent groups are 
likely to be supported, without increasing the historical levels of expenditure. 

To develop a three-pronged policy for S&T development, with clearly 
distinguished support mechanisms for basic science, applied work and 
extension and education 

The fact that basic science, applied R&D and high level technical education 
are very often indistinguishable, and take place simultaneously in the same insti- 
tutions, does not mean that they should not be treated separately in terms of their 
supporting mechanisms, working from different perspectives and with different 
approaches. 

Basic science research and education 

Basic or academic science, broadly understood as research work that does 
not respond to short-term practical demands, remains necessary not only for its 
eventual role as the source of privileged discoveries for applied work, but 
because of its nature as an indispensable public good. Scientists should be trained 
on a broad fundamental basis, so that they will not become obsolete in a short 
time. This purpose is not in contradiction with applied work, but should not be 
jeopardized by too much emphasis on efforts to help solve short term operational 
problems of the productive sector. In spite of the growing presence of proprietary 
knowledge in modern societies, academic science is also expanding, and the 
resources it can expect from the private sector are not very high. 7 The informa- 



7 Only about 15 per cent of the resources for "public good" research in the United States comes from 
the productive sector (Aron Kupperman, private communication). 
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tion basic science generates is free for the private sector (although it is paid by 
society as a whole), and is the main source for the acquisition and spreading of 
the basis of tacit knowledge that permeates the whole field of science, technology 
and education. For a leading country, heavy investments in basic science can be 
thought of as problematical, since their results can be appropriated by other coun- 
tries and regions for very little cost. For the same reason, investments in basic 
science in small scientific communities can be extremely productive, since they 
allow tapping the international pool of knowledge, competence and information. 
This is the rationale for projects such as the National Laboratory of Synchrotron 
Light, now under construction by CNPq (box 12). 



Box 12 

Basic research: the Laboratory of Synchrotron Light 

The source of synchrotron light that is being built at the National Laboratory of 
Synchrotron Light (LNLS) in Campinas is a large undertaking with a strong 
interdisciplinary content. The equipment consists of an electron accelerator and 
a storage ring. Electrons circulate at high speed producing electromagnetic radi- 
ation of high intensity, covering an extensive energy band. This radiation can be 
used for different purposes, from basic research in solids, atoms, molecules and 
biological materials to different applications such as photolithography for the 
fabrication of highly integrated electronic circuitry. The light source is being 
built by a well-coordinated team of physicists, engineers and technicians, using 
many components developed in association with national companies. About 
US$11 million have been invested so far in the project. It is the first Brazilian 
experience of building and, later, operating a large physical laboratory to .be 
used by researchers from the whole country. Its success or failure will have 
important consequences regarding future decisions to go ahead with other large 
projects. The total estimated cost of the light source is US$35 million. 

Sergio Resende. 



Besides its eventual impact on the productive sector, basic science can play 
a fundamental role in enhancing the quality of higher education for engineers and 
for society as a whole. This role, however, does not take place as a matter of 
course. Universities have to develop explicit links between their graduate and 
undergraduate programs; intellectual and financial investments have to be made 
for the development of materials for science teaching, from handbooks to educa- 
tional software and experimental kits. When these links and investments exist, 
basic science becomes more legitimate, and more likely to be supported by soci- 
ety. 
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Changes are also necessary in scientific and graduate education. Master 
degree programs should be shortened, and turned either into well-organized 
courses of professional specialization, or short entrance and leveling programs 
leading to doctoral degrees. Non-degree, specialization courses should be 
stimulated, with very little bureaucratic formalism, and as self-supporting as 
possible. 

Globalization requires a profound rethinking of the old dilemma between 
scientific self-sufficiency and internationalization. The.experience of small, high- 
level scientific communities in countries like Canada, Israel, the Netherlands and 
Scandinavia, shows that this may be a spurious question. They build their compe- 
tence through a purposeful effort to be present in the international scientific 
scene, by the extensive use of the English language, participation in joint 
research projects, evaluation of their research activities by scientists from other 
countries, and a constant international flux of students, researchers and informa- 
tion; they are not less developed, and their science less relevant for their societ- 
ies, for that reason. 

The current fellowship programs of Capes and CNPq for studies abroad 
need to be revised. Fellowships should be awarded only to first-rate students 
going to first-rate institutions, and with a clear perspective of returning to pro- 
ductive work in Brazil. Fellowships for doctoral degrees should be combined 
with "sandwich" fellowships for doctoral students in Brazilian institutions, and 
short-term support for training periods in laboratories and companies abroad. 
Procedures should be devised to constrain the beneficiaries to pay back the 
money received if they fail to get their degrees or to return to their institutions; 
fellowships for countries and institutions with poor records of academic achieve- 
ment for fellows should be avoided. Under these conditions, the current number 
of fellowships awarded should be maintained and even expanded. The existence 
of good quality doctoral programs in a given field does not preclude the need to 
keep a permanent flux of students to the' best foreign universities. Provisions 
should exist for post-doctoral programs both abroad and in Brazil, and to bring 
top-quality scholars from other countries for extended periods, or even perma- 
nent appointments, in Brazilian university and research institutions (De Meis & 
Longo, 1990). 



Applied science 

The central feature of applied science is that it has a user, and the knowledge 
generated in the R&D process tends to be proprietary. The main clients for 
applied science in Brazil have been the military, the large state-owned corpora- 
tions and a small section of the private sector, including the export-driven agri- 
cultural firms. 
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Box 13 

Multi-client program in forestry research 

The Research Institute of Forestry Research (Ipef) of the School of Agriculture 
Luiz de Queiroz, Sao Paulo University, was created 25 years ago in Piracicaba, 
bringing together five private companies, Champion, Duratex, Rigesa, Indus- 
trial de Papel Leon Feffer and Madeirit, to deal with questions of common 
interest. Today, there are 23 associated companies, and the results have been 
surprisingly good. The average productivity of wood, which was around 15m 3 / 
ha/year, is now about 30m 3 /ha/year for the companies associated to Ipef. The 
institute has contributed to this increase in productivty through basic research 
and education and training of personnel for the companies. Its germ research 
center, recognized by UN's Food and Agriculture Organization, is the largest in 
the southern hemisphere in genetic materials, and commercializes about three 
tons of seeds each year, exporting to countries like Indonesia, Venezuela and 
Thailand. As an example, 300kg of seeds from Eucalyptus urophilla where sold 
recently to Indonesia, which is the country from where this species originates. 
The associated companies are located in the states of Bahia, Minas Gerais, 
Espfrito Santo, Sao Paulo, Par3, Parana\ Rio de Janeiro, Santa Catarina and Rio 
Grande do Sul. This model of association was followed by other institutions. 
Today, besides Ipef, there is the Fund for Forestry Research in Curitiba, ParanS 
(Fupef) and the Society for Forestry Investments in Vicosa, Minas Gerais (SIF). 
Research takes place also in state research institutes such as the Sao Paulo For- 
estry Institute, which sells about 23 tons of seeds yearly. 

Joao Liicio Azevedo. 



Applied R&D should be evaluated in terms of its short-term scientific qual- 
ity and medium or long-term practical results. When the client is a public institu- 
tion, such as the military or a state-owned corporation, R&D projects tend to be 
secretive, large and long-term. Evaluation is very difficult to carry on, since 
research results are not open to publication, peer review scrutiny, or market com- 
petition (Erber). Lacking appropriate evaluation procedures, applied R&D in the 
public sector runs the risk of being expensive and of doubtful quality, the same 
holding for publicly-subsidized R&D in private firms. 

There is a clear trend away from these kinds of R&D activities, however. In 
the current international context, there are limits on what smaller and poorer 
countries can do in terms of military prowess. In contrast, there is a strong pre- 
mium on the spreading of education, technical competence and competitiveness 
through society. Most public corporations are either being privatized or forced to 
rely on market mechanisms to survive. In both cases, publicly subsidized applied 
R&D will tend to diminish. The Brazilian experience of subsidized R&D to the 
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private sector is not very good. If loans are granted below the market interest 
rates, there may be many takers, but the outcomes are often poor. There is a 
room, however, for special procedures to finance long-term and joint R&D 
projects that would not otherwise find support through commercial banks. Gen- 
eral policies and support mechanisms for applied R&D are difficult to devise, 
since they refer to an extremely variegated range of activities, and require differ- 
ent combinations of economic, scientific and strategic considerations. A few sug- 
gestions, however, can be made: 

Research groups in universities and government institutes should be 
strongly stimulated to link to the productive system and to engage in applied 
work, while maintaining a high level of academic and basic research activities. It 
is as unwarranted to expect that all basic science should be linked to production 
as to assume that they should be kept isolated from each other. There is no reason 
to believe that applied work would necessarily distract researchers from their 
basic and academic oriented activities. However, tensions and conflicts of inter- 
est may arise, and need to be administered case by case. Links between academic 
research and the productive system can take place at multiple levels, depending 
on the capabilities and needs of each side. They can go from help in the solution 
of short-term problems and difficulties faced by industries, to the transfer and 
scaling up of innovations produced by research centers for industrial production; 
and, at the higher end, to the development of large scale, cooperative projects of 
R&D (Frischtak & Guimaraes, 1993). Links can be established either with single 
institutions or with associations and consortia of users, as in the example of the 
Institute of Forestry Research of the Universidade de Sao Paulo (box 13). 
Resources for applied work should not come from the budget for basic activities, 
but from specific sources in governmental agencies, special programs, private 
firms, and independent foundations. 

Government agencies dealing with matters requiring research work, like in 
health, education, environment, energy, communications and transportation, 
should have resources to contract research in universities and research institu- 
tions on matters of their interest. This practice should prevail over the tendency 
of these agencies to create their own research outfits, and their projects should be 
subject to joint evaluations by peer review and policy oriented authorities. 
Research institutes and centers in public agencies and state companies should be 
placed under peer oversight, and required to compete for research support outside 
their agencies. 

The current military projects should come under technical, academic and 
strategic evaluation with the participation of selected, high quality scientific 
advisers, and be either streamlined, discontinued, reduced, or converted to civil- 
ian projects (box 14). 
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Box 14 

Military research and competitiveness 

The goal of making Brazil a world power can only be achieved if the country 
can survive and develop in a competitive international environment, which 
depends on the non-military components of its strategic capabilities — mainly 
its scientific and technological capability. In consequence, the country's efforts 
should be directed to this goal, without giving priority, necessarily, to military 
R&D. There is no doubt that the main current military projects should be con- 
tinued until their completion, but the perspectives of military R&D regarding 
the more advanced technologies is limited, given the tendency of civilian R&D 
to administer such technological projects as efficiently as the military. 
The difficulties found in the development of military programs could be 
reduced if the development of higher end technologies is not militarized. This, 
however, does not mean that the Armed Forces should be excluded from 
research and development activities. On the contrary, they should continue to 
participate in this effort, but aware that the country's prestige, as well as the 
strengthening of its strategic capabilities, will not come only from its military 
prowess, but above all from the competitiveness the country can achieve in the 
international system. Countries that can compete will be strong. The bases for 
competitiveness are not military, in the same sense that the main roles of sci- 
ence and technology in a developed, industrialized and competitive country are 
not military, 

Geraldo L. Cavagnari. 



Research programs in applied fields like electronics, new materials, bio- 
chemistry and others, should only be established in association with identified 
partners in industry, which should contribute with their own resources, and be 
involved from the beginning in the establishment of appropriate objectives; they 
should be subject to independent evaluations of economic, managerial and scien- 
tific feasibility, and monitored on these terms. 

New actors should be brought in projects of local and regional development, 
including local and state governments, business associations, financial institu- 
tions, universities and technical schools. 

Education 

The main challenge for Brazilian science and technology in the coming 
years is to spread competence for innovation horizontally, to the productive sys- 
tem as a whole, and to increase the educational level of the population. While this 
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is not done, the S&T establishment is bound to relate only to a small part of the 
country and its economy, with limited resources and relevance. 



Box 15 

Human resources development in South Korea 

South Korea developed a massive effort in the fields of education, Science and 
Technology since the sixties, as part of their strategy of industrial conversion. 
Besides the sheer size of the effort, there are some strategies worth stressing, 
regarding the bridges they sought to create between the worlds of education and 
research and the world of industrial production. 
Long-term programs of institutional development. 

Universities, individual professors and research centers received support for 
five to six years long projects, time deemed necessary for the creation of groups 
of graduate students. 

Well-known scientists were dissuaded to lend their names just to fatten the cur- 
riculum of projects. Those who gave their names had to be involved. With this, 
it became easier for young scientists to take the leadership of important 
projects. 

Scientists and engineers were sent systematically to short courses abroad, in 
selected fields. Typically, their courses lasted two months, but they received 
four months fellowships. During their courses, they had to negotiate with they 
professors for training internships in European firms, to absorb technology. 
An excellent researcher had difficulties linking to the productive sector. He 
received a grant to organize monthly lunches with business leaders, to discuss 
questions related to the interaction between basic science and applied technol- 
ogy. 

C. M. Castro and J. B. Oliveira. 



Policies for science and technology should not wait for educational reform, 
but they cannot be expected to succeed without profound transformations in the 
educational system as a whole, through increased access to educational opportu- 
nities, quality improvement of basic and secondary education, strengthening of 
technical education and diversification and better use of public resources in 
higher education. Questions of educational policy lie beyond the scope of this 
document. However, a few items should be stressed regarding the interfaces 
between the educational and the S&T sectors: 

Technical education. Brazil has maintained a wide gulf between education for the 
academic professions, including engineering, and middle-level professional train- 
ing, the first provided by universities, the second by federal and state technical 
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schools (and also by industry and commerce through their own institutions, Senai 
and Senac). The knowledge-intensive basis of modern industry and services 
requires the development of general skills for the technician, and proximity with 
industry for the institutions trying to provide technical education through formal 
course programs (box 15). Brazil has lagged behind the worldwide trend of devel- 
oping post-secondary, short-term course programs as alternatives to conventional 
university education. The expansion of post secondary, technical education, devel- 
oped with close links to industry, should become a central task for public universi- 
ties and state governments. Although more difficult at the beginning, this new 
emphasis could prove more useful than the sheer expansion of evening course pro- 
grams that became mandatory for public universities in the recent past; and more 
realistic, in budgetary terms, than the proposed multiplication of federal technical 
schools operated by the Ministry of Education. 

Extension work and continuous education. University research deparments and 
institutes should be stimulated to become more intensely involved with extension 
work and continuous education. An important activity in this regard is the sys- 
tematic translation into Portuguese or rewriting of science education textbooks 
and engineering documents (handbooks, standards, technical manuals for craft 
and skilled workers) needed for general use in industry and education. These 
activities already take place in some universities, but are usually considered of 
low prestige, and inimical to academic excellence. It does not have to be so. High 
quality research centers can attract more resources, increase their relevance and 
involve more people through extension activities. Institutions with little to offer 
in terms of research can gather strength and recognition, and provide their stu- 
dents with significant opportunities for practical training. Since most of these 
activities can be paid for by users, they do not require much in additional 
resources, but there should be means to provide rewards, incentives and recogni- 
tion for this type of work. 

Teaching of science and technology. Academic departments in universities should 
take more responsibility for undergraduate education. The current departmental 
structure tends to leave undergraduate career programs without intellectual leader- 
ship, and undergraduate teaching is often seen as a burden by professors engaged in 
graduate education and research. Incentives should be created to stimulate research- 
ers to get involved with undergraduate education, by writing textbooks, bringing 
undergraduates to their research projects, and participating in the upgrading of their 
course programs. Fellowships for undergraduates ("bolsas de iniciacao cientifica") 
should be expanded, and successful involvement in undergraduate education should 
be added as a criterion for Capes in its evaluation of graduate programs. 

General education. Most undergraduate education in Brazil, as elsewhere, is in 
fields like administration, languages, social sciences and the humanities. They 

42 



can be considered "general education" course programs, since they have little 
knowledge specificity, and are supposed to provide the students a broad spectrum 
of cultural, social and historical disciplines. There is a tendency to see these 
"soft" fields as a waste of time and resources, under the assumption that they are 
not directly relevant to the production of goods. However, general skills, social 
and cultural abilities are central components of modern economies and societies, 
characterized by intense flows of information and communication, the continu- 
ous expansion of services and a shifting social and economic environment. The 
situation of neglect should be reversed, with the graduate and research sector tak- 
ing responsibility for improving the quality of secondary and undergraduate gen- 
eral education, through direct involvement in the production of good quality text- 
books, the development of curricula and new teaching methods. Here again, ade- 
quate procedures should be devised to make these activities more rewarding and 
prestigious than they have been so far. 

Distance learning. Modern technologies for distance learning have not been 
adopted in Brazil except in some isolated experiences in basic education. A sys- 
tematic effort should be made to incorporate the international experience, and a 
few universities should be stimulated to begin pilot projects using the newly 
available instruments, from computers to electronic mail. 



Infrastructure for information and knowledge dissemination 

New and systematic procedures to incorporate technology into the industrial 
process should be developed, with strong emphasis on the development and dis- 
semination of norms and standards, information, and procedures for technologi- 
cal transfer and quality improvement. Brazil has several institutions created for 
these tasks, such as the National Institute of Metrology, the National Institute of 
Intellectual Property and the Brazilian Institute for Scientific and Technological 
Information (Ibict). These institutions, however, have lived in a no-man's-land 
between the researcher in academic institutions and the productive sector, both of 
which were either protected from external competition, or linked directly to their 
own sources of information and technology outside the country. Without closer 
interaction with the users of their services, these institutions tended to become 
rigid and bureaucratic, weakening still further their links with the scientific and 
productive sectors. 

To reduce this problem, users should play a much stronger role in the def- 
inition of the goals and practices of these institutions. A well organized and 
properly funded knowledge infrastructure is necessary to assure the easy 
access of scientists to libraries and data collections in the country and abroad. 
Significant advances have ocurred in the last few years, through the gradual 
generalization of access to Internet and similar networks for Brazilian univer- 
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sities and research groups, and the development of computerized library cata- 
logs in some of the main universities. Now it is necessary to make these links 
more widely used, more effective and more transparent to the individual 
researcher, and to establish means to bring the documents and data to the sci- 
entist's working place. A coherent policy for creating, maintaining and 
expanding these information resources is needed, and should rely on the com- 
petence developed by Fapesp, the National Laboratory of Computer Science 
Research (LNCC), the Institute of Applied and PuTe Mathematics (Impa), and 
other groups that have built and developed the current facilities. 

Institutional reform 

For these policies to be carried on, governmental agencies for S&T policy 
should become smaller, more flexible and more efficient. The Brazilian agen- 
cies for science and technology are considered more efficient, and less plagued 
with problems of political patronage and bureaucratic formalism, than most of 
Brazil's civil service. However, with a few exceptions, the general evaluation 
of the main government agencies is not very positive. CNPq has grown to be a 
large bureaucracy, going from 1,502 employees in 1988 to 2,527 in 1992, about 
half of them without a university degree (Barbieri; table 2). Its administrative 
expenditures have varied enormously throughout the years, and most of its 
resources are now given to fellowships. Researchers and fellows applying for 
its resources complain constantly about the difficulties in getting information 
and receiving their fellowships and grant money on time. The agency could 
never establish a competent information system about its own activities, and 
there is little or no follow-up of the results of its investments in research and 
graduate education. Finep also increased its bureaucracy to about 700 employ- 
ees, while its resources shrank (Frischtak, 1993). There are no established dates 
for submission of projects and proposals nor public announcement of awards. 
Without systematic peer review, there is no information on how decisions are 
made. In both cases, the problems were compounded by budgetary uncertain- 
ties. The agencies do not know how much money they will have at any given 
time, and their decisions are often based on expectations that are not fulfilled. 
Finally, these agencies have not established adequate procedures to receive 
proposals in constant values and protect their grants from inflation. The conse- 
quence is that, when a- project is finally approved, its value is significantly 
lower than when it was presented, and still lower when the money is received 
and spent. 



Table 3 

CNPq — Budget according to main lines of activity, 1980-92 
US$ millions of 1992 a 



Year 


Fellowships 


Grants b 


Institutes 


Administration 


Other" 


Total 


1980 


42,252.3 


23,166.3 


26,233.9 


40.598.9 


4,243.2 


136,494.6 


19S1 


46,567.7 


21,815.5 


29,557.7 


41,837.5 


2.420.1 


142,198.5 


1982 


72,396.3 


37,793.5 


34,489.4 


' 35,032.4 


2,265.8 


181,977.4 


1983 


68,137.6 


28,106.6 


26,949.6 


28,769.8 


3.194.6 


155,158.2 


1984 


61,400.8 


21,521.1 


23,092.8 


37,682.4 


5,034.5 


148,731.6 


1985 


88.153.1 


41,517.0 


33,141.5 


33,631.7 


5,212.8 


201,656.1 


1986 


94,630.1 


50,996.2 


35,497.9 


27,931.3 


7,552.3 


216,607.8 


1987 


184,069.4 


48,886.4 


57,739.4 


63,729.7 


4,416.3 


358,841.2 


1988 


238,004.4 


46,552.1 


49,322.2 


47,281.9 


4,415.3 


385,575.9 


1989 


236,143.1 


33,570.1 


85,569.2 


48,693.0 


22,732.4 


426,707.8 


1990 


178,339.5 


41,672.8 


50,529.1 


36,513.3 


14,684.5 


321,739.2 


1991 


232,440.4 


19,884.0 


30,838.3 


26,361.2 


14.907.9 


324,431.8 


1992 


193,820.4 


7,635.8 


30,655.5 


17,362.2 


10,603.2 


260.077.1 



* Compensated for inflation according to the General Price Index of FundacSo Getulio Vargas, and 
converted to dollar according to the mean exchange rates of 1992. 
b Includes special projects. 

c Includes debt service payments, fringe benefits to emplolyees (for food, nursery, and transporta- 
tion), persons working for other government agencies. 
Source: CNPq, Informe Estatfstico, Brasilia, 4(2): 13, abr. 1993. 



In contrast, Fapesp, in the state of Sao Paulo, and Capes, at the Ministry of 
Education, are perceived as success cases. Fapesp works almost exclusively 
through peer review, its administration is very small, communication with appli- 
cants is very efficient, its grants are fully corrected for inflation, and has 
well-designed follow-up procedures for its grants and fellowships (box 16). 
Capes suffers some of the difficulties of being within the Ministry of Education, 
but has an established tradition of peer review assessments. Its leadership has 
been always recruited among persons of good academic standing, and its bureau^ 
cracy remains small. 
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Box 16 

The Fapesp model 

The Fapesp model is characterized by three main aspects. First is the source of 
its resources. Initially, Fapesp was granted 0.5 per cent of Sao Paulo's state rev- 
enues. The 1969 state Constitution increased this legal percentage to 1 per cent, 
less 25 per cent of the trade tax (imposto de circulacao de mercadorias) which is 
transferred by the state to the municipalities; and it determined that the 
resources should be calculated each month, and transferred in the following 
month. To this basic source one should add the revenues of Fapesp's capital 
investments, which allows the agency to spend more that what it gets from the 
government in a given period. 

The second aspect is related to its relative independence from political fluctua- 
tions. Fapesp is governed by a council of 12 members with fixed six year man- 
dates, which is responsible for its administrative, scientific and patrimonial pol- 
icies. Six members are designated by the state governor, and the other six are 
also chosen by the governor from lists submitted by the state's public universi- 
ties and research institutes. The president and vice-president of the council are 
also appointed by the governor. In practice, all names are suggested to the gov- 
ernor by the scientific community. 

The third aspect is that most of the resources go to individual researchers work- 
ing in the state of Sao Paulo, and only rarely to institutions. Proposals are sub- 
mitted to Fapesp and evaluated by peers. Their identities are not known to the 
applicant, and their recommendations are almost always followed by Fapesp. 
The reviewers are requested to follow up the projects, and can recommend the 
interruption of support. 

Most Fapesp resources go to fellowships and individual grants, but in 1993 
there were 56 institutional projects with total budget of US4.5 million, plus 119 
fellowships linked to these projects. Besides, there were 94 "special projects" 
between 1963 and 1989. In 1990 they were replaced by team or thematic 
projects, 87 of which were approved by the end of 1991. 

Milton Campanario and Neusa Serra. 



These experiences provide a basis for the following suggestions for institu- 
tional reform: 

— The Ministry of Science and Technology should restrict its role to matters of 
policy, financing, assessment and evaluation, without carrying on R&D activities 
under its direct administration. Although a science adviser or an equivalent cabi- 
net-level position for science and technology is clearly necessary, the very exist- 
ence of a formal ministry of science and technology, with all its overhead costs 
and exposure to political patronage, should be reexamined. 
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— The existing system of federal institutions for scientific and technological sup- 
port should be evaluated in terms of its ability to perform the functions needed by 
the sector: support for basic research, support for applied projects, large and 
small research grants, fellowship and training programs, scientific information, 
norms and standards, and others. Brazil needs a federal agency to provide long 
term, sizeable grants for institutions and cooperative projects. This was the role 
played in the past by the National Fund for Scientific and Technological Devel- 
opment (FNDCT), administered by Finep. Whether these resources should be 
managed by Finep, CNPq or by a new institution should be examined as part of a 
broad review of .the roles, jurisdiction and competencies of the existing agencies. 

— Financing agencies should be organized as independent, state owned corpora- 
tions, and free of formalistic and bureaucratic constraints. They should be placed 
under strict limitations regarding the percentage of their resources they can spend 
on administration, and should be supervised by high-level councils with the par- 
ticipation of scientists, educators, entrepreneurs and government officers. They 
should rely on external advise for their decisions, and their bureaucracy should 
be limited to the minimum. 

— Research institutions and public universities should not be run as sections of 
the civil service. They need to have the flexibility to set priorities, seek resources 
from different public and private agencies, and establish their own personnel pol- 
icies. While this is not changed, there is always the alternative of developing 
hybrid institutions with flexible mechanisms coexisting with more rigid proce- 
dures (the Brazilian academic community has some experience in this). Universi- 
ties should develop appropriate settings for interdisciplinary work in new fields 
such as biotechnology and artificial intelligence (Carvalho; Silva). 

— No research institution receiving public support, and no government program 
providing grants, fellowships, institutional support or other resources to the S&T 
sector, should be exempt from clear and well-defined procedures of peer evalua- 
tion, combined, when necessary, with other types of economic and strategic 
assessments. Peer review procedures should be strengthened by the federal gov- 
ernment, made free from pressures of regional, professional and institutional 
interest groups, and acquire a strong international dimension. For instance, 
research proposals could be easily distributed to international referees through 
electronic mail. 

— It should be the task of the Ministry of Science and Technology to stimulate 
such reforms in other branches of the federal government. The Ministry of Edu- 
cation should have a particularly important role in maintaining the quality and 
the autonomy of the research groups in the federal universities. 
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Box 17 

A goal-oriented project: strategic development of computer science 

The strategic development of computer science project (Desi) is supported by 
the National Research Council, through its division of special projects, and the 
United Nations Development Program, It combines research projects proposed 
by members of the scientific community with a broad project aimed to develop 
a national software industry for export and a national infrastructure for commu- 
nication and computer applications. 

The project is divided in three programs, the National Research Network 
(RNP), the multi-institutional thematic program (Protem) and the software pro- 
gram (Softex). RNP is a computational infrastructure aimed to create a network 
linking all scientific and research institutions in Brazil with each other and with 
the rest of the world. Protem was initiated by the National Research Council's 
advisory committee in computer science to create, for their field, a mechanism 
similar to those created by PADCT for other high technology fields. CNPq pro- 
vided an initial grant which led the main research centers in computer science 
to associate around subjects deemed strategic, generating more than 100 coop- 
erative projects. If carried on as planned, Protem is expected to generate a qual- 
ity jump in this field of research. Softex was created under the assumption that 
Brazil could become a significant exporter of software to the international mar- 
ket. It is supposed to provide assistance to software producers on how to gain 
competitiveness in the international market, and to establish a network of sup- 
porting groups to provide industries with advanced development technologies, 
and to link them with universities and research institutes. 
The Desi project has an estimated budget of US$27 million for three years. The 
expectation is that 13 groups for cooperation between industry and research 
institutions could be established in the most research and industrially intensive 
regions in the country. 

Extracted from Carlos J. P. Lucena. 



Brazil has had some experience of integrated programs covering specific 
areas of interest, such as tropical diseases, natural resources, energy and com- 
puter sciences. PADCT has followed a similar pattern, by choosing a few, 
selected areas for support, and assigning a given fraction of its resources to them. 
An integrated program would have, ideally, resources for combined activides of 
basic and applied research, graduate education and training. For the fields chosen 
for such programs, the benefits seem obvious, since their resources are guaran- 
teed, and the links between basic and applied research and education can be made 
more coherent (box 17). There are, however, three pitfalls for such programs, 
which should be avoided. First, they run the risk of isolation. As with any applied 
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project, integrated programs need to have clearly identified and active partners 
outside the research and education sector — be they the health ministry, the elec- 
tronics industry or public utility companies. In fields that are economically rele- 
vant, they should be linked to specific industrial policies, with the participation 
of relevant business leaders. When this pattern is not present, the results of the 
integrated project are not used, and the effort can be wasted. Second, there is 
always the temptation to distribute the R&D resources arbitrarily among pro- 
grams, creating unwarranted imbalances. Third, self-contained programs are 
prone to shun peer review evaluations and give excessive protection to a few 
institutions and research groups, disregarding excelence in favor of selected sub- 
jects or problems. If these difficulties are considered if there are clearly identifi- 
able partners in government and industry, if there are no arbitrary block assigna- 
tions of resources, and if peer review procedures are kept in place integrated pro- 
grams can be important and forceful instruments for improving the country's 
S&T capabilities. 

6. Conclusion 

The plurality and complexity of modern science and technology require the 
research institutions in universities, government and even the private sector to 
engage in a plurality of activities, from basic to applied science, from graduate 
education to extension work and teacher training. They should be also stimulated 
to diversify their sources of money, from government to private companies, non- 
profit foundations and paying clients and students. Specialization will take place, 
if necessary, and should grow through a combination of external incentives and 
internal drive. Scientific research and development, to remain alive, should take 
place in a highly internationalized and competitive environment for resources, 
prestige and recognition; and the leading scientists should be also entrepreneurs 
of this knowledge enterprise. 
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Comments on "Science and Technology in Brazil' 



Michael Gibbons* 



There is much good sense in the paper under discussion this morning. The 
problems facing Brazil today and how it got there are presented clearly and plau- 
sibly. In summary, the scientific, technological and educational developments 
established in the seventies have begun to stutter. According to the paper, the rea- 
son for this is primarily economic. Brazil has fallen on hard times; economic 
growth has collapsed with the recession, inflation rocketed, and as a consequence 
most of the major institutions associated with the development of a robust 
national scientific and tehnological capability — government research establish- 
ments and universities — are in difficulty. Original policies aimed to establish 
Brazil's scientific. and technological capability no longer seem to be working. 
Links with industry are weak. Indeed industry seems to be a relatively poor per- 
former of R&D. The thrust of the paper is to develop new policies which face 
squarely the economic realities of the nineties. 

At the core of the paper are recommendations for a three-pronged S&T pol- 
icy. The basic idea is to put Brazil's scientific and technological institutions back 
on an even keel by providing separate funding mechanisms for basic research, 
applied research/technology and education. The aim is to strengthen the universi- 
ties as the prime providers of basic research and of highly qualified manpower 
while, at the same time, providing a separate flow of funds for the country's nest 
of research institutions — the so-called associated laboratory scheme. Difficul- 
ties noted include the growth of bureaucracy in the previous regime, the quality 
of the peer review system, and the reluctance of industry to support R&D out of 
its own funds. 

AH of this is plain good sense. But the three-pronged policy aimed at revital- 
ising the scientific and technological institutions of the country has a degree of 
distinctness that carries the danger of a separation amongst knowledge producing 
institutions which need to be highly interactive. One consequence of this might 
be to encourage the persistence of an essentially science-push model of economic 
regeneration. This, at precisely the time when linear models of innovation have 
been descredited and when the production of scientific and technological knowl- 
edge has become increasingly inter-connected and global. To be sure the policy 
paper does not recommend institutional separation. Indeed it recognises that pure 
and applied science now overlap. This is acknowledged in the paper: "The fact 
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that the basic science, applied R&D and high level technical education are very 
often indistinguishable, and take place simultaneously in the same institutions, 
does not mean that they should not be treated separately in terms of their support- 
ing mechanisms, working from different perspectives and with different 
approaches". True enough but funding mechanisms have a way of acquiring a life 
of their own and constant vigilance will be required if the conditions which pre- 
vail in the production of science and technology are not explicity recognised. 

The key insight is that S&T policy must be related to industrial policy. In 
fact, what is needed in Brazil is a national innovation policy because the notion 
of innovation carries with it the idea that a set of relationships are involved and 
that they must function over an extended time period; innovation policy is an 
integrationist policy. The premise of this policy should be to get industry moving 
and moving under its own steam. To do this the appropriate S&T policies should 
be functionally related to the level of competence of each particular sector. No 
country, even the wealthiest, can any longer afford to support a comprehensive 
S&T base in the hope that economic growth will somehow follow. By contrast, 
around the world science policies are now conceived in relation to technology 
and industrial policy. This aspect of S&T policy seems to me undeveloped in the 
paper under discussion. Following Krugman, and eschewing the current hype 
around competitiveness, national innovation policy should be guided by the 
assumption that "the coming struggle in which each big economy will succeed or 
fail [will be] based on its own efforts, pretty much independently of how well the 
others do" (Krugman, 1994). If he is right, then the basis of the future indepen- 
dence must lie with the performance of the country's wealth creating institutions. 
If they are working correctly, the rest will follow. The danger in the current for- 
mulation is that a fresh attempt will be made to strengthen the knowledge pro- 
ducing institutions independently of the wealth creating ones. 

The idea of orienting S&T policy closely with industry is not a popular one. 
Scientists, in particular, are always quick to point out the dangers that will arise 
in terms of future discoveries and manpower provision if the scientific enterprise 
is not supported vigorously. But there will be no support at all for science if 
national firms cannot generate wealth in the first place. And overwhelmingly, 
wealth is generated by applying existing knowledge, not by generating new 
knowledge (Branscomb, 1993). 

This is true in all sectors of manufacturing industry at all times. What differs 
is the types of knowledge needed. Clearly there are differences in the knowledge 
requirements of a world class pharmaceutical firm and a. mechanical engineering 
firm operating in a remote corner of a developing economy. But there can be no 
argument that, in both cases, knowledge is necessary and if it is to be utilized it 
must be assimilated and develop largely inside in the company itself. 

Brazilian S&T policy needs to be sensitive to the different knowledge 
requirements of its particular sectors. In relatively few of these will the company 
be operating at the frontier of world class innovation. The question is, given that 
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the firms in a particular sector are likely to be relatively laggard, how is it possi- 
ble to move from that position closer to the market leaders? How can they begin 
from where they are in terms of technological competence into a position where 
latest science and technology can be appropriated? In this, what is usually termed 
R&D should come towards the end of a rather long and multistage process — as 
a result of previous industrial innovation — not at the beginning, as the engine on 
which all expectations are concentrated. We need policies to support some kind 
of "reverse linear model". 



Some experience of other countries 

We can begin from experience in the United States. Here there has been a 
good deal of soul searching over the policies of the large national companies who 
in the sixties began siting heir manufacturing operations offshore — in low wage 
economies. It now appears that the firms in some of these countries are now able 
to compete very effectively with the United States in precisely those markets 
where initially foreign direct investment (FDI) was placed. To sum up a rather 
complex set of histories, in the transfer to low wage economies, the Americans 
have "lost control over what they used to make". How can this be? How can a 
relatively backward economy — at least in terms of technology and skills — 
acquire the knowledge and skills to effectively displace the parent company? 
Americans are worried about this loss of control over what they used to make. 
Many examples are given in an MIT study entitled Made in America (1989) and 
in Manufacture Matters (Cohen & Zysman, 1987). The point of introducing this 
work here is simply to point out that it seems to be possible for some firms to 
begin in the middle of the innovation cycle with the mature technologies of an 
established design configuration, and with a relatively low level of technical and 
marketing competence move on to become one of the leading players. 

Another example, this time from the United Kingdom. During the seventies 
the motor vehicle and television tube production by United Kingdom firms virtu- 
ally ceased. Twenty years later Britain is a world leader in the manufacture and 
export of both cars and TV tubes. Manufacturing is not, in the main, carried out 
by Bntish firms but by Japanese ones who have invested in Britain. How was this 
accomplished? In a recent paper, D. Eltis has used these two examples for the 
purpose of showing that FDI can have beneficial effects in a sector that has lost 
the technology and skills to compete internationally in the manufacture of com- 
plex products. The Japanese firms did not begin by carrying out R&D in Britain. 
Rather, they established the most sophisticated plant, hired British workers and 
trained them in its use. The effect of a high technology plant in its midst has, 
among other things, the effect of forcing suppliers to innovate and of building up 
local cultures of excellence related to the main products — in this case motor 
cars and television tubes. Although evaluating the benefit of such FDI is a com- 
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plex matter, it would be interesting to explore the full effects of these investments 
on the local culture of innovation. 

The "experience of the East Asian Dragons provides a range of dramatic 
examples of innovation in the electronics sector where companies were able to 
join in the middle of the game, as it were. In some of these FDI was important, 
in others it wasn't. Although foreign investment is dealt with most extensively 
in the literature on technology transfer, historically FDI has contributed with 
only relatively little of the capital formation in the Dragons. The two largest 
economies, Korea and Taiwan, have been fairly closed to FDI, with govern- 
ments exercising strict control. FDI contributed around 2 per cent to Korea's 
total capital formation during the period of 1976 to 1987 (James). In the case of 
Taiwan, between 1965 and 1985, FDI oscillated between 1.35 per cent and 4.32 
per cent of total capital formation and between 2.5 per cent and 5.47 per cent of 
total private capital formation per annum (Dahlman & Sananikone, 1990). In 
contrast, FDI contributed around 18 per cent to Hong Kong's total capital for- 
mation during the period (Hobday, 1991). In the case of the Dragons, what hap- 
pened, if not FDI? The short answer is that the economic transformation of those 
economies rests upon a whole range of measures which encourage market 
growth and technology assimilation. The principal mechanisms are: joint ven- 
tures, licensing, imitation, sub-contracting original equipment manufacturer 
(OEM), company acquisitions and strategic partnerships. Of these the most 
important, particularly in the early stages of industrialization, appear to be OEM 
agreements. 



A definition of OEM 

Original equipment manufacturer (OEM) is a specific form of sub-contract. 
Like a joint venture it requires close connection with the foreign partner. Under 
OEM deals, the local firm produces a good to the exact specification of the for- 
eign company. The foreign firm then markets the product through its own distri- 
bution channels, under its own brand name. OEM often involves the foreign part- 
ner in the selection of equipment, training of managers, engineers, and workers. 
It is to be contrasted with own design and manufacture (ODM), where the local 
firm designs the product to be sold by the TNC. 

What are the common factors in these very diverse experiences? I believe a 
key factor is that through these various mechanisms firms acquire and assimilate 
knowledge; that is, they learn. A second factor is that learning must begin from 
where the firms are, with the resources that are available. Although the level may 
be low to begin with, it doesn't need to stay there and, in the case of the East 
Asian Dragons, it certainly didn't. Thirdly, the learning took place locally and 
cumulatively. Fourthly, the locus of action is the national corps of entrepreneurs 
and managers. 
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The centrality of learning is important. We know that much technology 
transfer can lead to disappointing results, often because the local learning capa- 
bility is lacking. More positively, from the point of view of Brazil, we know from 
a number of American studies that United States firms gave away important 
informational knowledge by underestimating the power of local learning capabil- 
ity (Cohen & Zysman, 1987). It might be useful just to remind ourselves that the 
learning in question is particular to specific markets and if the focus was more on 
the product — what is learned — than the process — learning — then we would 
be talking about technology and its aquisition. I hope that is clear. 

Studies of learning attempt to show how technological know-how is 
acquired within firms and related institutions. Learning refers to the mechanisms 
by which firms generate capabilities in products, processes and related organiza- 
tional structures. Learning is largely embodied in the skills of the workforce and 
managers. Malerba (1992) demonstrates the importance of learning to firm-level 
incremental technical change, productivity change and to different types of prod- 
uct and process improvement. Learning normally involves substantial and delib- 
erate effort and investment on the part of the firm. Developing country research 
has shown that learning is important to technological and institutional progress 
(Fransman & King, 1984). Dahlman et al. (1985) show that learning develops in 
sequence, shifting from production to investment to innovation capabilities. Sim- 
ilarly, Lall (1982) discusses the passage from elementary to intermediate 
advanced learning. Lall also shows how non-technological learning is important 
to organizational development (e.g. marketing and managerial skills). 

However, few of these studies of developing countries relate technological 
learning to export marketing channels. Nor do they examine firm strategies 
towards learning, preferring instead to describe general characteristics of learn- 
ing at the industrial level. As a "first approximation" of how the process of tech- 
nology assimilation links to marketing development, the model (developed 
below) may provide a useful framework. 

The question is: if the game of international competitiveness has a techno- 
logical dimension, how do latecomers join? Can they start towards the end of the 
product cycle and hope to move to a position of dominance at some later time? It 
is a chronic problem. Do the innovators always have to be in the lead, and are the 
followers always laggard? The clear answer is, No! Whatever else it may be, 
international competitiveness is a complex game, but, equally, it is unrealistic to 
expect to be able to jump into the lead in a particular sector without the proper 
preparation. No policy is likely to be very effective if it neglects the fact that 
technological innovation is not a once off acomplishment, but an unending pro- 
cess aimed at adjusting technological capability to continuously shifting market 
needs. The path to economic prosperity is dynamic and path dependent. This 
means that learning — technology acquisition — must be continuous and incre- 
mental, and firms have no other option but to begin from where they are. For 
some governments, this is a hard lesson to learn. 
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In the next section, a simple model is presented, based on some recent work 
of Hobday and others. The model is based on the by now clearly established fact 
that .successful innovation is characterized by a close and continuous connection 
between technology development and the market. The premise, therefore, is that 
for latecomer firms the problem is to find a way to join an on-going process of 
technology-market interactions. The challenge is to do this beginning with rela- 
tively low level technical resources and with very weak market information. Cur- 
rent innovation theories would suggest that the key to this process for firms to get 
in early on a new innovation/product cycle and through learning move from these 
uncertain beginnings to capture economic benefits which will only emerge as 
product and process technologies mature. Many contemporary S&T policies 
accept this view. Hence the interest in generic technologies and large demonstra- 
tor projects. Such policies are R&D driven. They are intended to set the stage for 
firms to get in early in the next innovation cycle, but would seem to exclude late- 
comer firms precisely because they would lack the knowledge and skill to assim- 
ilate the knowledge produced in these R&D driven projects. In the model devel- 
oped below, it is proposed to show that latecomer firms can and often do start in 
the mature technology stage and move "backwards" to the R&D and design 
stage. 

Export-led technology development — a simple model for latecomer firms 

A latecomer firm is defined as one located in a developing country, outside 
the locus of world innovation and R&D. Such a firm does not face demanding 
buyers in its domestic markets which, as Porter (1990) shows, is often a key fac- 
tor in competitive performance. Similarly, the latecomer firm is cut off from lead- 
ing industrial clusters and important marketing networks. The firm typically suf- 
fers from lack of related support industries and a poorly developed technological 
infrastructure. To prosper, the latecomer must overcome these difficulties (Hob- 
day, 1991). 

Market development 

The left hand column of the table summarizes a five stage technology-mar- 
keting model which is based upon learning as the prime mode of technology 
assimilation (see notes). Regarding both marketing and technology, the model 
does not assume any rigid or automatic stages of development. Progress depends 
primarily on the efforts of local firms and the opportunities afforded by foreign 
buyers. Some of the stages may occur concurrently as in complex innovation 
models and there may be feedback loops between earlier and later stages. Exter- 
nal factors (e.g. policy actions and the state of the macro-economy) will impinge 
directly on the process. Many of the normal criticisms of innovation models 
apply to this scheme (Forrest, 1991). 
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The latecomer firm progressively internalizes the marketing skills and func- 
tions initially carried out by the foreign buyer or manufacturer. 

— In the first stage the latecomer is entirely dependent upon buyers for product 
design skills, marketing, distribution and quality control. The local firm simply 
sells low cost production capacity. 

— During stages 2 to 5 the latecomer firm assimilates more and more complex 
marketing functions. Spurred on by the prospect of growth and higher value- 
added activities, the firm learns how to conduct its own sales and marketing. 

— It progressively broadens its range of customers and improves the packaging 
and quality of its products. 

— By stage 5 the latecomer firm will have developed its own brand design which 
it will sell directly to customers overseas: it is no longer dependent on the distri- 
bution channels of foreign buyers and manufacturers. By this stage the latecomer 
will be indistinguishable from the leading firms in the West and Japan (see 
notes). 



Technological assimilation 

The right hand column of the table adds a technology dimension to the mar- 
keting model to suggest how successful latecomer firms gradually learn the tech- 
niques of manufacturing. (The technology scheme is based on interviews carried 
out during 1992 and 1993 with firms in each of the four Dragons, and a body of 
research into technological learning and developing countries.) 

— In stage 1, it is likely that early NIC entrants begin with simple assembly skills 
and later assimilate incremental process capabilities. As their capacity expands 
and numbers of customers increase, they will need to learn how to control the 
quality and speed of production. During the early stages, firms are likely to 
remain dependent on outside sources of technology. However, technicians will 
begin to internalize key production skills. 

— During stages 2 and 3, the latecomer firm will gain more and more control 
over its production process, spurred on by export market opportunities. By 
acquiring product and process capabilities it will be able to sell more higher qual- 
ity products to a larger base of customers, bringing the advantages of low cost 
engineering and management to the market. 



63 



— The latecomer entrepreneur recognises that unless the firm goes through a 
series of difficult technology learning transitions it will remain "trapped" in the 
capacity export stage. 

— By stage 4, the firm will embody sufficient skills to develop new products and 
processes. The latecomer will have surmounted its technological dependency in 
terms of product design, quality control and process engineering. It may have 
already forged links with capital goods suppliers and may conduct R&D into new 
products and processes. 

— In stage 5, the NIC firm will have developed advanced skills and R&D capa- 
bilities. Technologically it will be indistinguishable from world market leaders. It 
will have successfully progressed to the higher stages of product and process 
development and will compete head on with the world leaders. 

' According to the simple model, early latecomer firms enter at the mature, stan- 
dardized end of the product life cycle and cumulatively assimilate technology fay 
internal learning. With each wave of new innovations that catch up little by little, 
closing the technology gap between themselves and the market leaders. They there- 
fore travel backwards along the technology life cycle, reversing the "traditional" 
path of technology development, shifting fom mature to earlier stages. In doing so, 
latecomer firms are able to gradually overcome their distance from the world tech- 
nology frontier and compensate for the lack of demanding local users and consum- 
ers. Not all firms go through all stages. As the quality of the local infrastructure 
improves, new entrants are able to jump in at the later stages, responding to factor 
costs, market developments and the availability of skilled engineers and managers. 

There may not always be systematic, causal links between the stages of 
technology and market development. It is theoretically possible for a firm to 
acquire advanced technological skills but to still remain at the early stage of mar- 
keting — or vice versa. However, manufacturing firms in the NICs tend to 
improve both their technology and marketing capabilities simultaneously. Mar- 
keting skills are needed for firms to capture value added associated with packag- 
ing, distribution, brand awareness and after sales service. Often these activities 
are more lucrative than manufacturing. Marketing is also needed for firms to 
expand their range of customers and determine the direction of their future busi- 
ness. Similarly, technological know-how is needed to develop new products and 
improve the efficiency of production. Firms have an incentive to expand their 
value added opportunities, to manage and reduce their dependency on foreign 
sources and to respond to competition from other latecomers. These processes 
require the internal acquisition of a range pf marketing and technological skills. 

In some of the stages there may be a direct link between market and technol- 
ogy. For instance, to achieve the advanced stage of product marketing push, firms 
will need sufficient R&D capabilities to convert market signals into innovative 
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new products. Similarly, when shifting from stage 1 to stage 2, firms will need to 
internalize process skills to expand production capacity, shorten delivery times 
and improve product quality. 

Most importantly, the technology and marketing channels are often one and 
the same. For instance, under sales and exporting arrangements such as OEM, 
joint ventures and licensing, latecomer firms are presented with a technology 
transfer mechanism. Under OEM arrangements, the foreign corporation not only 
buys finished goods for export, but it will often supply technical specifications, 
training and advice on production and management. TNCs are often willing to 
assist in local assimilative efforts under OEM because they depend on the qual- 
ity, delivery and price of the final output. The market-technology channels estab- 
lished under OEM are often long term. They allow latecomer firms to overcome 
initial barriers to entry and they supply the vital market information needed for 
local firms to target investments in technology and skills. 

To sum up, in the above scheme, exports "pull" forward the technology of 
latecomer firms. Through OEM and other channels, export demand acts as a 
focussing device for technological investments and forces the pace of progress. 
Local competition stimulates the process as export leaders are imitated by fol- 
lowers. And, as the following evidence shows, firms do not simply "keep up", 
but actually "catch up" as time progresses (World Bank, 1993). 

Application: the case of the East Asian Dragons 

Historial data from each of the four Dragons lend some support to the simple 
export-led technology development model put forward above. The evidence also 
illustrates the importance of assimilative learning efforts on the part of latecomer 
firms in electronics. Indigenous firms engaged in rapid technological learning 
under OEM, sub-contracting and other arrangements. Export-led market growth 
was closely coupled with technology assimilation through foreign channels of 
technology transfer including FDI, joint ventures, foreign buyers, licensing and 
OEM arrangements. These concrete institutional mechanisms enabled local firms 
to couple export market growth with in-house technological learning. 

Through FDI foreign manufactures provided initial examples for local firms 
to imitate (e.g. Anam of Korea). TNCs helped start up the electronics industries 
in each of the four countries, providing a source of training for local technicians, 
engineers and managers. Joint ventures with TNC enabled some of the largest 
firms in Korea to enter the business, while OEM and ODM arrangements later 
enabled many latecomer firms to build technological capabilities and secure 
international market outlets. 

The four Dragons exhibited a wide variety of policy approaches which 
resulted in significant differences in industrial structure, corporate strategy, firm 
ownership and methods of technology acquisition, Korea progressively reduced 
its reliance on FDI by internalizing capabilities within the three chaebols and by 
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entering long term OEM alliances with, mainly, Japanese TNCs. Conversely, Tai- 
wan and Hong Kong relied on a multitude of small and medium domestic firms, 
showing that the disadvantages of small firm size can be overcome. Again in 
contrast, Singapore depended almost entirely on FDI for the development of its 
electronics exports and the assimilation of technology. 

There were a number of common factors essential to successful electronics 
development in the four Dragons: 

1. The macroeconomic context must produce long stability and confidence. The 
literature shows that sound monetary policies, high domestic savings and export- 
led industrial policies provide a stimulating economic context for industrial 
development in each of the four countries (World Bank, 1993). Of course, such 
factors cannot explain the diversity of strategies towards technological and indus- 
trial development evident in the four Dragons. The Schwartzman paper, however, 
clearly indicates damage that instability has and is producing throughout the 
institutional structure that supports S&T. 

2. The existence of skilled local entrepreneurs was essential to industrial devel- 
opment in three of the four NICs. In the absence of such enterpreneurs, Singapore 
chose to rely on foreign TNCs. A high degree of domestic competition was 
apparent in each case, despite plurality in ownership and industrial structure. 

3. A further success factor was each government's investment in basic education as 
well as craft, technical and vocational engineering courses directed towards the 
needs of industry. Furthermore, at the corporate level, the coupling of technological 
learning with export demands enabled latecomers in each economy to climb the 
technological ladder and to progressively reduce the technological gap between 
themselves and the international market leaders. Recently, as latecomer firms' 
capabilities have increased, technology partnerships with leading American and 
Japanese companies have provided a means for acquiring highly advanced elec- 
tronics technologies. Some of the latecomers have purchased overseas high tech- 
nology firms to acquire skills and to access distribution channels directly. 

The simple model put forward provided a useful first approximation for 
understanding the dynamics of market and technology development in the Drag- 
ons. As well as highlighting the market-technology linkage, the model suggested 
that latecomer firms tended to start with simple assembly and manufacturing tasks 
and, once mastered, proceeded to more complex design and development work. 
The evidence confirmed the view that technological learning is a cumulative, incre- 
mental process. The model also drew attention to the contrast between latecomer 
firm strategies and those implied in conventional models of innovation. In contrast 
with "Western" innovation models, latecomer firms begin with mature, standard- 
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ized technologies and gradually work their way "backwards" along the product life 
cycle towards new designs, process development and research. 

One question which deserves further investigation is whether or not latecomer 
firms "innovate" as they learn the technology of electronics. The evidence suggests 
that firms do innovate, but in ways constrained by their latecomer structures and 
status. Innovation appears to be incremental rather than radical, while the focus of 
innovation is process, rather than product (at least in the initial stages). This type of 
continuous improvement pattern may have helped narrow the technology gap 
between East Asian firms and the market leaders, enabling them to "catch up" 
rather than just "keep up". However, more in depth research is needed to establish 
the breadth and depth of innovation in the latecomer electronic firms. 

Conclusions 

Schwartzman describes the new realities facing Brazil under two main head- 
ings: 

(a) changes in the role of science and technology in the international scene; sci- 
ence, technology and industry more closely integrated; 

(b) changes in the nature and capabilities of the Brazilian State; hindered by the 
problem of institutional and financial stability. 

New policies required 

The new policy should implement tasks that are apparently contradictory; to 
stimulate freedom, initiative and creativity of the researcher, while establishing 
strong links between their work and the requirements of the economy, the educa- 
tional system and of society as a whole; and to make Brazilian science and tech- 
nology truly international, while strengthening the country's S&T capabilities. To 
achieve this, the individual researcher, and his research unit or laboratory, should 
be freed from bureaucratic and administrative constraints, and stimulated to look 
for the best alternatives, in the country and abroad, for the use and improvement 
of his competence. This requires, in turn, a competitive environment based on 
public incentives and private opportunities that rewards achievement, increases 
the costs of complacency and underachievement, and gears a substantial part of 
the R&D resources toward a few important and strategically selected goals. 

More specifically, the new policy should include the following tasks: 

(a) increase links between science and the productive sector; 

(b) create two different markets, one for academic science, another for applied 
technology; 
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(c) increase links between science, technology and education; 

(d) invest heavily in the development of innovative capabilities of the production 
system; 

(e) support a few integrated projects; 

(f) create conditions for Brazil's participation in international programmes; 

(g) increase institutional flexibility and accountability (through more exhaustive 
peer review). 

How does the model adumbrated above relate to these new realities? 

The "reverse-linear" model proposed above imposes the idea of integration- 
ist policy — of what has been called innovation policy. The first thing that the 
model draws attention to is the need to develop innovation policy on a sectorial 
basis. It would be a useful preliminary exercise to try to place each sector at its 
appropriate stage in the model. This would provide guidance as to whether S&T 
policy in particular cases ought to place priority on developing the technical 
infrastructure or the R&D infrastructure. If we presume that all firms in whatever 
sector will, one way or another, be latecomer firms, it is extremely important to 
know how "late" a latecomer they are. If they are late developers then the devel- 
opment of the technical infrastructure must receive priority. The reverse-linearity 
suggests that the lower strata of the educational system must be the priority. They 
are essential to define which sector is to begin to play a part in the technology- 
market interactions which characterizes the innovation process. 

The new ingredient that I would add to Schwartzman's considerations lies in 
the centrality of learning. This will affect policies which aim to promote links 
between science, technology and education. Increasing the links between science 
and the productive sector, must begin first at the technical level if the firms are in 
the first stages, and then move on to the provision of R&D and design support. 
The strenghtening of the technical infrastructure must come first, instead of pre- 
conditions that require a very sophisticated higher education sector or capability 
in fundamental research. 

By identifying where each sector is in the model, it becomes possible to 
specify which sets of firms need explicit R&D support and a fortiori which areas 
of scientific and technological research ought to be strengthened. If firms are in 
the first two stages they do not need R&D support. It is unlikely that they could 
appropriate it. Classifying firms in this way might also make it easier to identify 
the strategic links with the international scientific community which need to be 
developed and perhaps even suggest which particular demonstrator projects 
ought to be launched. In brief, using the staging approach increases the probabil- 
ity that policy will be appropriate to the need of particular firms. 
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The recommendation which gives me the most trouble is the idea of devel- 
oping separate markets for science and technology. It is feasible, perhaps even 
desirable, if most of the latecomer firms are in the early stages of technology- 
market process. However, in all the advanced sectors, as Schwartzman acknowl- 
edges, science is produced in the context of application and so the two markets 
interpenetrate. In such sectors it would be regressive to try to keep separate what 
broader markets has already begun to integrate. For the rest, however, it may well 
be necessary to have "particularized" markets which in terms of institutions and 
reward systems reflect the charateristics of particular sectors. 

The outcome of all these policies would be to produce distinctive scientific 
and technical competences in Brazil. It is in the nature of contemporary knowledge 
production that such competence is both highly specialized and local. It is the job 
of government to broker that expertise in the wider international community. 

Table 

Stages of marketing and technology assimilation 



Marketing stages 



Technology stages 



1. Passive importer-pull 
Cheap labour assembly 
Dependent on buyers for distribution 

2. Active sales capacity 
Quality- and cost-based 
Foreign buyer dependent 



Assembly skills, basic 

production capabilities 
Mature products 

Incremental process changes for 

quality and speed 
Reverse engineering of 

products 



3. Advanced production sales 
Marketing department established 
Starts overseas marketing 
Markets own designs 



Full production skills 
Process innovation 
Product design capability 



4. Product marketing push 
Sells directly to retailers and 

distributers overseas 
Builds up product range 
Starts own brand 



Begins R&D for products and 

processes 
Production innovation 

capabilities 



5. Own brand push 

Markets directly to customers 

Independent distribution channels, 

direct advertising 
Strong market research 



Competitive R&D capabilities 
R&D linked to market needs 
Advanced product/process 
innovation 



Source: Hobday, 1991. 
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Notes 

1 . Building on the research of Hone, Wortzel and Wortzel (1988) put forward a sim- 
ple marketing scheme to show how NIC exporters graduate from supplying labor 
intensive assembly services to exporting advanced goods into foreign markets. Their 
seminal study is based on interviews with locally owned firms in three Asian Drag- 
ons (Korea, Taiwan and Hong Kong) as well as Thai and the Philippines. Covering 
three export industries (consumer eletronics, athletics footwear and clothing), it is 
one of the only studies which systematically analyses the importance of export mar- 
keting to firms' growth in East Asia. Wortzel and Wortzel were not concerned with 
the technology dimensions of firms' development. However, it is likely that as firms 
accumulated marketing skills they also learned to to meet increasingly sophisticated 
customer needs and to capture the higher level value-added stages of production. 

2. An important background study carried out in the early seventies (Hone, 1974) 
showed that the main source of export-led growth in East Asian countries was not 
foreign TNCs but domestic firms, spurred on by foreign buyers from Japan and the 
USA. The large Japanese buyers, including Mitsubishi, Mitsui, Marubeui-Ida and 
Nichimen, set up operations in Asian NICs to purchase production capacity as 
wages rose in Japan in the early sixties. American retailers soon followed: these 
included J. C. Penney, Macy's, Bloomingdales, Marcor, Sears Roebuck and others. 
These large buyers were very important for the growth of local firms, often placing 
orders for 60 to 100 percent of the annual capacity of exporting firms in electronics, 
as well as clothing, footwear and plastics. Large numbers of small foreign buyers 
were also very important to the export-led strategies of latecomer firms. 

3. At the time of Wortzel and Wortzel's research in the late 1979 most NIC exporters 
in electronics had reached stage 4 (clothing, footwear were further behind). 
Although many firms had taken control of local marketing, product design and qual- 
ity, they had yet to establish their own brand names. Wortzel and Wortzel believed 
that stage 5 was "largely theoretical" in the NICs. Today, however, Korean firms 
such as Samsung and Goldstar have established well-kown brand names in some 
areas. Taiwanese market leaders such as Acer and Tatung have also begun to estab- 
lish brand names and to manufacture abroad. However, most latecomer firms are 
behind the leaders in marketing and remain dependent on foreign buyers and TNCs 
for marketing. For example, Cal-Comp of Taiwan is today the world largest pro- 
ducer of calculators and fax machines. Although it is virtually unknown in the West, 
Cal-Comp produces rough 80 per cent of Japanese Casio calculators under OEM. 

4. Since Gerschenkron's classic work (1962) on patterns of 19th century European 
industrialization, many studies have examined the phenomenon of latecomer indus- 
trialization. However, as with other studies of industrialization noted in the introduc- 
tion, the contribution of firms, their origins, strategies, structures and methods for 
acquiring technology are not dealt with on the latecomer literature. This section, 
therefore, outlines a simple market-technology model for the latecomer firm, based 
on existing studies of market entry and technology development. 
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Science & technology in the new world order 



Georges Feme* 



Three major forces operate to define the main characteristics of post-indus- 
trial societies: 

— The new technological dimension of all economic and social processes, stem- 
ming as much from the increasingly effective mobilization of research and devel- 
opment (R&D) resources as, more generally, from the improved capacity of soci- 
ety to exploit opportunities generated by new knowledge. 

— The cascade of problems and demands resulting from past economic and 
technological accomplishments, that require decisions while increasing uncer- 
tainty about the future implications of choices. 

— The rapid transition to a global economic system characterized by new forms 
of interdependence. 

Although these three forces define the general features of "modernity" and 
represent a major break from the past, they are deeply rooted in a long history of 
changes in the scientific and technological systems. Recent historical milestones 
in this process include the Industrial Revolution of the 1 9th century, the two 
World Wars, the Cold War and the energy crisis, but the chain of events extends 
far back to the dawn of human history and the initial relations between man and 
technique: the age-old movement that produced modern technology led to a mar- 
riage of knowledge and action bringing together the scientific and economic 
worlds — to the extent that any technological advance can now be simulta- 
neously viewed as an investment and the generation of new knowledge. It is this 
unprecedented combination that defines technology (the deliberate mobilization 
of knowledge) as something different from "technique" (the fruit of experience 
or, according to Braudel, the "taming" of man by man). 1 

The change was enormous, as evidenced by the difficulty of expressing it 
with the available words: 



* Organization for Economic Cooperation and Development (OECD), Paris. 

1 Braudel, Fernand. Civilisation matirielle, iconomie etcapitalisme. Paris, Armand Colin, 1986. v, 1, 
p. 291. 
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'Technology is a word which is taken for eranteri in rc„ v u ,. 
since 'technique' refers to something qmte d£m ?vtt ^l themore 
Continent, in French, German or thf llavlc anT a l uZ Ti^. * ^ 
^undant beside la 'technique' which covlrs 2S&"JS3S T" 
technical; 'technologie' is much more specialized .mil , " mgS 

stages of 'technique'. EngHsh has Z £ ^alTn ?££S tST 
echnoogy' to cover what on ^ ^ be bS^SdS IT, 

began to appear in the economic literature in the late sixLTTrZ- P T 

If "technology" thus differs from "technique" it is not in view of a • 
respect objects - since both tend to combine\ccumu ted L LTdge effo" 

order to open the way for common undertakings. 3 Ina ^triai system m 

These alliances have been made possible by a series of hkfnri^t a* i 
ments that can be summarized with three words: Cl ° P " 

Institutionalization f K ^c^ through the creation and diversification of a wide 
array of specialized organizations such as universities, public andSStST^f 



*£&££?£$$£" " ****** ™ e isSUe <* its °«s™ - definition, Hisrory and 
3 Id. ibid. 



73 



Jndustriat develop^ which has made it possible to establish dynamic sets of 
relations between research and the market. 

straints under which technique evolves. 

Technology = Technique + Research 
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1. Science for the nations 
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small number of rich Western countries. 
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Tfce concentration of scientific resources 

In opposition to the layman's view — and to the occasional claims of scien- 
tists — the worldwide research and development (R&D) effort is far from being a 
truly international one. Research capabilities are concentrated in a small number 
of countries. More than 90 per cent of these capabilities (measured in terms of 
R&D expenditures) have always been concentrated in industrial countries. 

Throughout the crucial period since World War II (which has witnessed the 
increasingly systematic harnessing of science and technology capabilities to 
serve strategic and economic goals), the small "club" of highly industrialized 
countries have kept their dominant position while strengthening their R&D capa- 
bilities. If changes have taken place, they are essentially due to the emergence of 
a handful of new members such as Japan, Brazil, India, and the "dynamic Asian 
economies". All these countries have significantly increased their research efforts 
during the period. One of them at least — Japan — has emerged as a technologi- 
cal leader worldwide and has challenged the preeminence of the "old" industrial 
powers. 

It remains that, if one considers the relatively small number of countries 
scattered around the world that have both a full-scale S&T enterprise and the 
ability to take full advantage of it to serve political, economic and social objec- 
tives, R&D capacities remain a "local" phenomenon. This "local" phenomenon, 
however, has had and will continue to have, enormous global implications. 



A "local" phenomenon 

The total of the world resources allocated to R&D (as measured by R&D 
expenditures) amounted to about US$435 billion in 1988. More than 96 per cent 
were spent in industrialized countries, while all others (essentially the developing 
countries) merely accounted for the remaining 3.9 per cent of global R&D 
finance. 

This static picture does not pay justice to changes and fluctuations that have 
taken place in recent decades. Taken as a whole, the developing countries had 
achieved significant progress in this area until the early eighties, where their 
combined R&D budgets reached almost 7 per cent of the world total. 

However, these efforts have not continued to expand but have been reduced 
as a result of major constraints, such as the debt crisis and overall economic diffi- 
culties. The select group of industrialized countries has thus demonstrated that its 
preeminence cannot easily be challenged, and that the long-term development of 
an effective S&T base will remain shaky as long as it is not supported by a mod- 
ern and competitive industrial infrastructure. 

Of all the members of this group, Japan and South Korea have been the most 
forceful in strengthening their R&D efforts. Their annual R&D budgets nearly 
trebled (in current US dollars) between 1973 and 1980. By 1980, these two coun- 
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tries jn East Asia together accounted for considerably more than the whole Third 
World R&D spending. According to more recent statistics, their gross domestic 
spending on R&D in 1980 represented a tenth of the world funding of R&D in 
1980, but had almost reached 20 per cent of it eight years later. 

The R&D expenditures of Western European countries have grown almost 
as rapidly as those of Japan in the seventies, and their share in the world total 
went up from 21.6 per cent in 1973 to 24.2 per cent in 1980. The average growth 
rate of many of the European countries remained high in the following years but 
has shown signs of slowing down. It might be increasingly difficult for Western 
European countries to retain their strong international position. 

Countries of Eastern Europe and the CIS have steadily lost ground as big 
R&D spenders. In 1973 their gross national R&D expenditures were estimated 
(in fact, probably overestimated) as representing a third of the global total, but 
only 27 per cent in 1980 and less than 20 per cent by the end of the eighties. This 
decline will undoubtedly continue, at least for several years yet. 

In relative terms, the North American region accounted for nearly a third of 
the world's R&D expenditures by the end of the eighties. There had been a period 
or relative decline in the seventies and the early eighties, but there are clear indi- 
cations that the new democratic administration will assign a new priority to R&D 
efforts. 

This overall picture underlines the fact that the strategic importance of S&T 
capabilities is now taken for granted in industrialized countries. It remains, how- 
ever, that fluctuations over time reflect the difficulty with which political agenda 
with necessarily shorter-term horizons can accommodate the long-term require- 
ments of R&D efforts. When resources are limited and budgets established on 
more stringent bases, these countries find it difficult to safeguard the broad conti- 
nuity of efforts and, even more so, their renewal and diversification to explore 
new frontiers. 

Science in the rest of the world 

One striking lesson to be drawn from the developments of the last decades in 
this area, however, is that the R&D activities of the industrialized countries have 
grown far beyond the threshold below which their survival, or at least their influ- 
ence worldwide, could be jeopardized. Whether their combined R&D activities 
amount to 93 per cent rather than 97 per cent of the world total will not funda- 
mentally affect their capacities to exploit new S&T opportunities. By contrast, 
the rest of the world can be viewed as much more vulnerable in this respect: its 
share of the world total managed to reach a peak of 7 per cent at the beginning of 
the eighties, followed by drastic reduction. And here the difference — from 7 per 
cent to less than 4 per cent — entails major reductions in the national capacities 
to take advantage of S&T. The more so in view of available data relating to R&D 
personnel rather than expenditure, since non-industrialized countries were 
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cies specializing in the promotion of science as a public good, thus serving spe- 
cial collective interests that would not be sponsored by market forces alone (for 
example with respect to health or defence, or to basic research and generic tech- 
nologies); and an extensive and highly diversified tissue of industries, ranging 
from small and medium-size firms to multinational corporations, each of which 
plays a role in the generation, diffusion and gradual adaptation of innovation. 

The mechanisms include a broad array of funding instruments and incen- 
tives enabling public agencies to extend support to various types of R&D activi- 
ties: individual grants, project and programme grants, contracts, fiscal privileges 
for R&D activities, provision of risk-capital, and so on. They also include various 
procedures designed to encourage, for example, standardization, conformance- 
testing and quality control, in particular in relation to public procurements. All 
these mechanisms taken together play a crucial part in fostering variety as well as 
coherence in the generation of new scientific and technological knowledge. 

Another mechanisms that plays an essential role in the generation and diffu- 
sion of innovations is, of course, the market. Its signals and its rewards, and the 
ways in which it modulates the prices of various factors, will directly determine 
the extent to which incentives operate that encourage entrepreneurship and risk- 
taking. The ways in which various industrialized countries have developed sys- 
tems that can balance the market requirements and broader political, strategic and 
social considerations will differ. All of them, however, have singled out domes- 
tic, and to varying extent international, competition as a major source of future 
growth. In the process, the market has become much more than an economic 
mechanism, to become embedded in the ways in which a national culture will 
develop its own approaches to risk-taking and innovation. 

This cultural dimension adds to the difficulty of emulating the successes of 
the more advanced countries: the collapse of the Eastern block in Europe, and the 
subsequent difficulties in its transition to a new economic system, underline the 
magnitude of obstacles to be overcome. These obstacles become all the more for- 
midable when cultural misunderstandings are coupled with major structural defi- 
ciencies. Lack of resources, low levels of skills, few training opportunities, inap- 
propriate curricula in higher education, weak technology supporting institutions, 
and so forth, may prevent many countries from taking full advantage of their 
stock of S&T resources. 

By the end of the 20th century, only a small number of countries have thus 
been able to create and maintain comparatively strong national S&T capabilities, 
in terms of research potential, and an effective system for the exploitation of 
research results. Most other countries do not possess the broad range of 
resources, instruments and abilities that are needed to take part in the interna- 



6 For a discussion of the notion of the "system of exploitation of research results", see: OECD. Major 
R&D programmes for information technology. Paris, 1989. 
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(d) the importance of national strategic objectives assigned to S&T activities, that 
have led to the development of major military R&D establishments in certain 
countries as diverse as the USA, France, United Kingdom or Sweden; 

(e) the importance of the role traditionally assigned to the State as an economic 
actor, leading to important differences in the relative weight of the government 
research sector and the statutes of research-workers, as well as in the structure 
and importance of "national programmes" inS&T; 

(f) the degree of internationalization of the national economies, that has deter- 
mined the range and degrees of the international outlook of scientific communi- 
ties and industry, and may have in particular been shaped in the past by the 
opportunities offered by the vast colonial empires of certain countries; 

(g) the nature and the evolution of the national consensus about the scope of 
social concerns to be taken into account by government, as illustrated by the very 
large social dimension assigned to technological policies, for example, in Scandi- 
navian countries. 

All these features are blended in different ways in different countries, so that 
each has developed its own specific approaches in embedding science and tech- 
nology in the economy and society. Some of these features — for example, early 
industrialization coupled with the opportunities offered by colonial possessions 
and strategic priority assigned to military technologies — may have been a major 
asset in attaining world leadership in the past, only to become a handicap more 
recently. This is due to the new trends in technological developments that under- 
pin international trade. 

The post-World War II era has been largely characterized by major advances 
in technology whose development and applications required enormous invest- 
ments over a long period of time, as has been the case for example with nuclear 
energy (in both the military and civilian spheres), space and aeronautics, the 
major wave of innovation in railroads, new mass production processes, and even 
sectors such as health if one takes into account the massive research programmes 
and the costs of making effective use of preventive techniques and medication. 
Central management of technological programmes was an asset in such a con- 
text, allowing governments to work hand in hand with large corporations to spon- 
sor the long-term efforts then required, in terms of R&D, institutional innovation, 
creation of human resources, and so forth. 

These efforts could take place in an institutional and economic setting inher- 
ited from the past that could readily meet new challenges and adapt to the new 
opportunities. 

A new era started in the mid-seventies with the economic recession follow- 
ing the rapid increase in the costs of oil and other raw materials, at a time when 
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new industrializing countries, in particular in Asia, appeared on the world scene 
as major challengers to the "old" industrial countries in their traditional economic 
strongholds, in sectors such as textile, steel, shipbuilding, automobile, and so on. 
It very quickly became evident that Europe and North America could no longer 
take their economic preeminence for granted in any area, but must found new 
competitive advantages on their innovative capabilities. 7 The ability to stay 
ahead of competitors, with ever more effective production processes and a grow- 
ing range of better products had become the driving force in international trade. 
This new market-orientation assigned to technology implied that the factors of 
success were linked to the ability to exploit research results rapidly, adjust 
quickly to market changes and demand shifts, and shorten the lag between the 
emergence of new ideas and their application. The ability to mobilize large 
cohorts of scientists and engineers under the umbrella of national programmes, in 
highly centralized institutions, was no longer a condition of success. Just the 
opposite, in many cases: as in the theatre, cumbersome processes and machinery 
slow down the action... 

Countries such as Germany and Japan, that had not acquired major govern- 
ment-sponsored technological establishments, emerged rapidly as the new cham- 
pions of world trade. Corporations that were managed according to dogmatic 
principles, had been excessively centralized, discouraged local initiative and felt 
secure with their market shares — from Westinghouse to IBM — were con- 
fronted with major difficulties. Others flourished. 

The eighties became a period of major structural change. Monopolies were 
challenged, either by the market forces at work, or by government decisions to 
divest, deregulate and decentralize. Attempts were made to reorient large techno- 
logical programmes that were ill-adapted to cope with the new requirements. 

In the United States, for example, the Department of Defence set up a num- 
ber of projects and new bodies to respond to the Japanese challenge of the Fifth 
Generation Computer Programme, as did the French with the Filiere electronique 
or the British with the Alvey Programme. These attempts met, at best, with 
mixed results. When they were launched under a defence umbrella, such pro- 
grammes could not be exploited on the civilian market as quickly and as effec- 
tively as might be needed. In other cases, the technological results of these gov- 
ernment-sponsored programmes were not sufficient to generate new industries. 

In fact, these programmes came to be criticized not only for their ineffi- 
ciency in the promotion of commercial innovation, but also in view of the fact 
that their very existence drove the overall costs of research upwards: such pro- 
grammes, for example, generated a demand for skilled researchers that had a 
direct^mpact on the labour market and the salaries of scientists and engineers. 



7 OECD. Technical change and economic policy. Paris, 1980. 
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The overriding market logic 

When drastically new economic conditions emerged in «,* -a 
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were the highest. As a result, the margins of choice of countries could not but be 
reduced in considerable proportions. 

The logic of the market could not easily be reconciled with other require- 
ments, in the political, social, environmental or cultural spheres. The process of 
gaining new competitive advantages in terms of economic effectiveness entailed 
giving up in other areas. The leading countries, such as Japan, and the large mul- 
tinational corporations active world-wide set standards in terms of innovation 
rates and productivity that could not be ignored. To meet their challenge meant 
structural change and reduction of public interventions in the economy, slimming 
down of the work force with the introduction of more effective production pro- 
cesses, concentration of efforts towards the most promising or vulnerable areas, 
and so on. The results of these single-minded efforts were to become gradually 
more and more apparent, with steadily increasing unemployment; impoverish- 
ment of the State, that could no longer be taken for granted as a source of support 
for public goods and long-term efforts; or the reluctant but unavoidable trend 
towards interdependence of the national economies. The economic recession of 
the early nineties was to bring all these structural problems to the forefront, 
because they had by then become major political issues. 

The process is still under way, and its consequences for the industrial societ- 
ies are not clear, although it has become obvious that the very fabric of these 
societies is threatened, for example, by the rising tide of unemployment, the diffi- 
culty of meeting national commitments in public services such as education, 
health and relief, the dislocation of the rural communities, and the degradation of 
the urban environments. 

At the same time, however, the challenges and opportunities generated by 
high technologies become ever more pressing. New materials and biotechnolo- 
gies have already had enormous impacts, and hold the promises of many more to 
come. However, it increasingly seems that the full exploitation and management 
of these breakthroughs, as well as, more generally, the future bases of the econ- 
omy, will be primarily shaped by information technologies. 

A little less than five decades ago, it was universally taken for granted that 
the world had entered a new technological era — the atomic age — that would 
characterize the second half of this century. And, indeed, nuclear energy has had, 
for better and for worse, an enormous impact that cannot be underestimated. 
However, as the end of the second millennium approaches, another technology 
comes to the fore, with ever more general and far-ranging effects, to the extent 
that many would define the present era as the dawn of the information age. 

Information technology (IT) is traditionally defined as the convergence of 
electronics, computing and telecommunications. However, data processing capa- 
bilities are growing and spreading at such rates that many other technologies can 
be viewed as having reached a new stage, where they depend on the treatment of 
information rather than on physical manipulations. This is the case, for example, 
with new materials or biotechnologies. Furthermore, a growing variety of more 
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These fundamental features of the economy of networks define a new eco- 
nomic environment where the diffusion of innovation is accelerated and expanded 
by "bandwagon effects". Increasing returns operate in such a way that there are 
in theory no other limits to the diffusion of modern innovation than the available 
infrastructure (telephone lines, or broad-band networks in the near future). These 
underlying forces are precisely those that generate "globalization", and drive the 
world economy towards the establishment of a world system of networks. 
Belonging to this system will be a necessary condition for participation in world 
trade: not to belong will mean dropping out of the race. 

From both the supply and demand side, these varied factors exert strong 
pressure in favour of standardization. Standards guarantee that succeeding gen- 
erations of equipment will be compatible with one another and so ensure a satis- 
factory return on heavy initial outlay. They mean that networks can be intercon- 
nected (so profiting from even higher increasing returns) and give users an assur- 
ance that their network will continue to improve and grow. Manufacturers and 
service providers are often understandably reluctant to give in to these require- 
ments and abandon or modify their proprietary systems. It is easy to recall exam- 
ples of technologies that have occupied the high ground at the expense of rival 
systems which might have provided better results in the long run — the Qwerty 
typewriter keyboard, for instance, or the petrol engine for cars. 

The stakes are very high, but competing technologies can achieve markpt 
supremacy for many reasons, and not necessarily because they perform best or 
hold out the greatest promise. It can be a question of chance; or a firm may have 
climbed to the top on the strength of some other technology — IBM supplied 
office equipment before it went into computers. If this is so, increasing returns of 
adoption and network externalities work in favour of the dominating system and 
can stifle competition in spite of its possible merits and/or potential. 

In other words, in the context of rapidly expanding networks, a technology 
does not necessarily achieve preeminence because it is the best; it becomes the 
best because it is already dominant. The process has been described as "lock-in": 
a technology gets locked in the market and it becomes impossible for competitors 
to dislodge them. 9 

The trend towards greater compatibility, however, is overwhelming and 
reinforced by the demands of users, as evidenced by the progress made in pro- 
moting open systems. All the more so in view of the fact that the diffusion of 
information and communications technologies in all sectors of the economy and 
society generalizes the peculiar features of network economics outlined above. 
New production processes and tools, ranging from computer-aided manufactur- 
ing and design to flexible automation, and including computer-aided transactions 



9 Arthur, Brian. Competing technologies: an overview. In: Dosi et al. Technological change and eco- 
nomic theory. London, Frances Pinter, 1988, 
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The challenge of trading 

Networking thus takes place at different levels. There is the technical infra- 
structure of communications lines combining hardware, standards, protocols and 
software to evolve gradually into the "information highways" of the next century. 
There are local networks that have always existed in one form or the other but 
nowadays increasingly operate in "real time" within electronic communities hav- 
ing common interests. And there are socio-economic networks that use the new 
information media to establish novel alliances cutting across the boundaries of 
institutions and specializations in order to develop common strategies. 

This new fabric of relations will be enhanced and reinforced by the major 
priority assigned in all industrial countries to the development of a system of 
exploitation of research results. 10 Such a system implies the establishment of 
information and collaboration linkages between a growing number of actors in 
research, industry, services and trade. 

In all industrial countries, governments have tended to shift, in recent years, 
to indirect -actions intended to promote the development of a trade-oriented 
research environment: legislative and regulatory measures considered to be 
obstacles to the diffusion and application of knowledge have been lifted (for 
example, various antitrust regulations were removed in the United States to facil- 
itate pre-competitive research cooperation between firms); new rules were 
adopted to encourage scientists to take a more active interest in the exploitation 
of their work (for example by allowing academic research- workers and institu- 
tions to apply for patents, even when the invention had been the result of feder- 
ally sponsored programmes, or by relaxing academic rules so that professors 
could participate in commercial ventures); incentives multiplied in order to pro- 
mote science-based industrial activities (i.e. fiscal incentives, schemes to develop 
employment of scientists by firms of all types, research funding instruments for 
industry-university collaborative ventures, and so on). 

This focus has been accompanied by gradual redirection of the public 
research support towards new types of programmes, in order to channel efforts 
onto areas of greater economic relevance. This has affected all types of 
research activities. For example, institutions that have traditionally been bas- 
tions of fundamental research (from the CNRS in France to the National Sci- 
ence Foundation in the United States) devote more and more attention to 
applied research and strategic research justified by its economic implications. 
Pre-competitive research activities have multiplied to bring together academic 
and industry scientists. Certain disciplines receive renewed attention and 
expanded support, when they relate to the "sciences of the artificial", or 
"transfer sciences", ranging from mechanical and chemical engineering to 



10 OECD. Major R&D programmes for information technology. Paris, 1989. 
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as electrical engineering or biotechnology, that have enjoyed expanded funding 
during the same period. 

New strategies are being developed for the management of scientific infor- 
mation in the "computer age". New instrumentalities open the way for easy 
screen-to-screen communication between researchers. The "grey literature" used 
to be unpublished material circulated under the form of manuscripts for discus- 
sion with colleagues. It has now become electronic, and a substitute to publica- 
tion when its access is restricted to members of a network that includes industrial 
and non-industrial scientists whose interests extend to commercial applicability 
at least as much as to the advancement of knowledge as such. 

Thus, commercial success may now be less a direct function of the ability to 
produce new knowledge, than of the ability to access the right information (and 
hence to belong to as many productive networks as possible) and to recognize the 
relevance and potential synergies of scattered elements of information. New 
industrial structures based on "flexible specialization" make it possible to adjust 
to new results and integrate them rapidly in order to acquire a temporary monop- 
oly that will undoubtedly be challenged soon by other actors. Hence the relent- 
less quest for ever newer data and ideas. No single organization can hope to mas- 
ter alone the expanding flow of results stemming from international research, the 
more so when the circulation of these results is increasingly channelled by their 
producers. It thus becomes unavoidable to trade with others the possibilities of 
gaining access to vital information. This constraint explains the development of 
cooperation schemes between industrial competitors ("coopetition"), where each 
participant stakes its future on its felt greater ability to manage and exploit the 
results that might become available. It also explains the extraordinary develop- 
ment of industry-university relations since the end of the sixties: industries do not 
support academic research merely to benefit directly from its results, or to estab- 
lish a channel for the recruitment of graduates, but rather to create, through the 
team under contract, a scientific channel to the relevant research worldwide. 

It is no wonder, in these circumstances, that governments have attempted to 
step in and take part in the "management and control" of the precious and short- 
Jived resource that scientific information has turned out to be. 

Government controls were first implemented in connection with transfers of 
technologies considered to have military, or both military and civilian, implica- 
tions. Cocom was thus established in 1949 to monitor technology flows towards 
the communist countries. Since 1989 and the collapse of the Eastern bloc, the list 
of strategic exports under control has been shrinking, and the days of Cocom are 
obviously numbered. 

Other concerns, stemming from the potential dangers of exports of sensitive 
technologies to countries of the South, however, have prompted the creation of 
additional control mechanisms. The Nuclear Suppliers Group (NSG), or London 
Club, was established in 1975 to promote nuclear non-proliferation. The Austra- 
lia Group was created in 1984 during the Iran-Iraq war, in connection with chem- 
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of a number of countries, in Eastern Europe and in the developing world, from 
central planning to market economies illustrates spectacularly the end of a bipo- 
lar world and the growing impact of international trade. It provides, in fact, an 
illustration of the relentless pace and unprecedented nature of the "globalization" 
process. 

Developments in IT have already had a major impact on international rela- 
tions, in a wide range of fields extending from cultural to economic exchanges, 
and including areas of concern affected by the new technologies (such as the 
legal issues mentioned above, connected to privacy protection, transborder data 
flows, security, and so on). IT has played, and continues to play, an essential role 
in world trade and the current development of "globalization". This is not merely 
due to the rapid expansion of IT-related trade, 13 but also reflects the strategic role 
increasingly played by computer-to-computer relations as a basic infrastructure 
for international exchanges of all types. National policies cannot ignore this 
worldwide dimension: there are global problems to be addressed by IT, and new 
challenges resulting from the development of an IT-based world market, that can 
only be met through international action. 

The global nature of many problems that call for IT-based adjustments and 
responses, provides a powerful stimulus to international cooperation: 

— Environmental problems are drawing increased attention and the magnitude of 
the threats is such that joint international action is required. 

— There is a need to avoid costly duplication of R&D efforts that could be more 
effective if undertaken under multilateral cooperation schemes. 

— The greater integration of national economies generates new trade patterns 
and the emergence of transnational industrial alliances and information flows, 
that may call for the formulation of new international understandings and rules of 
the game. 

— International efforts are also needed to involve late-industrializing countries in 
the development of new world IT infrastructures, and allow them to benefit from 
the resulting growth opportunities. 

It remains, however, that the new global economy is not homogeneous and 
that a relatively small number of regions and countries exercise, enormous influ- 
ence. 



13 OECD. Trade in information, communication and computer services. Paris, 1990. 
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flow of services and finance across borders; and because it allows for real time 
monitoring and management of the most distant facilities. These features have 
generated a dynamic process of internationalization of economic activities that 
affects industry, finance, services, culture, and so forth, on such a breadth and so 
comprehensively that there is a clear discontinuity with respect to the past. Hence 
the notion, of "globalization", a notion that has been strengthened by the emer- 
gence of a number of "global problems" resulting from threats to the planetary 
environment. 

The rapid diffusion of IT thus fosters a new regime of interdependence in 
international relations. Each country becomes more and more vulnerable to the 
impact of decisions taken elsewhere — by other countries or by multinational 
firms. Informatization and computer-to-computer communications provide deci- 
sive instruments for the development of this new world structure that arms giant 
firms with the techniques required to manage, transfer and process technical and 
economic information worldwide and on an interactive basis. This will obviously 
affect the international division of labour and production as well as international 
trade, changing the patterns of industrial ownership and control, altering the com- 
petitive standing of individual countries and creating new trading partnerships. 

The impact of these new technologies cannot but become more and more 
extensive. This is not surprising. "Information activities of one kind or another 
are a part of every activity within an industrial or commercial sector, as well as in 
our working and domestic lives. Almost all productive activities have a high 
information intensity (some involve little else, such as banking or education), so 
information technology is capable of offering "strategic" improvements in the 
productivity and competitiveness of virtually any economic or social activity. 
Information technology is universally applicable." 15 

Mutual adjustments are taking place worldwide, between technological 
change, industrial organizations, financial and labour markets, as well as govern- 
mental and non-governmental institutions. They will obviously affect all nations: 
those that will be able to take full advantage of the new opportunities, those that 
will lose ground in the competition for global technological preeminence, and 
those that will find it ever more difficult to close the gap that separates them from 
the more affluent societies. A number of consequences are already clearly appar- 
ent: 

— The complex pattern of industrial alliances for research, production or market- 
ing, which ignores regional groupings to establish pragmatic coalitions of inter- 
ests that raise the threat of uncontrollable cartellization at world-scale. 



15 See: Pereira, Paulo Rodrigues. New technologies: opportunities and threats. In: Salomon, Jean- 
Jacques et al. (eds.). 77ie uncertain quest, Tokyo, United Nations University Press, 1993. 

94 



— The difficulty of regulating "trarisborder data flows", that may include for 
example strategic information as well as speculative funds that can be Jans 
ferredjxthout control through a broad variety of proprietary coming 

— The general weakness of governments when confronted with this "globaliza 
tion process that obviously holds the key to future growth while challenging the" 
sovereign rights of nations. s s 

— Significant changes in the blend of skills required by the new technologies 
accompanied by new possibilities for the delocation of plants and acceleration of 
automation, thus generating simultaneously unemployment and labour shortages. 

— The growing importance of software and service activities relative to more 
traditional manufacturing. 

— The proprietary nature of much of the new information technologies- key 
technologies cannot be acquired by new entrants, even if they had the skills-' and 
even if the technologies in question could be acquired and mastered, established 
markets could not be penetrated. 

At the same time, however, there are many features of the IT technologies 
that threaten the mdustrial world with major disruptions and threats. The process 
of structural adaptation, in itself, generates immense social difficulties that can- 
not be easily overcome, as shown by the rising unemployment rates. 

However, there may be even more basic and fundamental forces at play The 
multiplication of all forms of network that seem to extend worldwide the market- 
ing capabilities of the industrial countries may come to operate in unexpected 
directions. As noted above, the labour markets of most industrial countries are 
characterized by the coexistence of unemployment and shortage of certain skills 
Yet these skills are available elsewhere and the new computer-to-computer com- 
munication infrastructures make it possible to employ these skills, wherever they 
are, without delocation of industries. Some Western European firms, for exam- 
ple have already taken advantage of "teleworking" to employ accountants in the 
Philippines, or software developers in Hungary and India. 

These new trends illustrate what may be a dominant pattern in international 
competition in years to come, characterized by the disappearance of many tradi- 
tional links between employment and location. In such a new configuration edu- 
cation systems, low salaries, and the availability of adequate skills and compe- 
tence may become a decisive competitive advantage as such. But what are "ade- 
quate skills? The ability to choose wisely in what areas to specialize, and how 
may well turn out to be the essential key to economic success in years to come. 
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3. The future of nations 



Compulsion and liberty 

No country can at present afford to isolate its scientific and technological 
effort from those of others. Yet, in order to be able to follow the international 
progress of knowledge and skills, each country must retain its own specific capa- 
bilities, that will often require the creation and maintenance of an R&D base in 
the areas considered essential for its future. 

It would thus appear that any national technology policy must acknowledge 
that the existence of "margins of liberty" (that is, areas where it can decide to 
acquire strength or not), is conditioned by the acceptance of "compulsory 
choices" (in other words, "core" technologies that must be mastered in order to 
have minimal access to the technology in question. 

Looking across major national and international scientific and technological 
programmes, in Europe, North America or Asia, one in fact discovers quickly 
that they all have a common core reflecting the need to acquire control of a basic 
technology. However, once this is acquired, different degrees of autonomy and 
specialization can be exploited. 

This can be illustrated by the examples of information technology, biotech- 
nology and materials. 

— Information technology is a heterogeneous grouping of areas such as micro- 
electronics, data processing, telecommunications, and computer-assisted manu- 
facturing. In microelectronics the common thrust is to design smaller chips while 
minimizing the production costs through greater circuit integration, improve- 
ments in semiconductor design and fabrication, or silicon and gallium arsenide 
applications. In data processing, applications are turning to expert systems (intel- 
ligent machines), intelligent robots and speech recognition. Each of these appli- 
cations must be mastered by anyone wishing to be in the running in future, if only 
to be able to take full advantage of the diffusion of new products as soon as they 
come on the market. Whether concerning Japan's INS programme, or the Euro- 
pean Race programme, or the more recent Clinton initiative in the United States, 
the major objective in telecommunications seems to be the establishment of inte- 
grated services digital networks (ISDN) that will in future meet the requirements 
of all users (firms, services, administrations and consumers) by carrying sound 
images and texts at very high speed and very low cost. Computer-integrated 
manufacturing is now based on numerical control machines, industrial robots, 
computer-assisted design and manufacturing systems and visual tactile recogni- 
tion devices. A large number of national and international programmes reflect 
these priorities. 
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productive, these efforts will need to be pursued in close relation with social and 
economic actors, in order to facilitate the transfer of questions as much as of 
results. And, finally, it will also be necessary to develop appropriate channels to 
remain continuously informed of world developments in research. Such channels 
will depend on the establishment of networks and collaboration between the 
national industrial and scientific efforts and their international counterparts. 
Hence a paradox: in order to acquire or retain a competitive edge (a condition for 
the safeguard of national identities), any country must actively explore all possi- 
ble channels of cooperation with others, in research perhaps even more than in. 
other areas. This is as much a consequence of the proprietary nature of a great 
part of the research results in high-technology than of the rapid rate of production 
of new knowledge in these fields. 



Towards new forms of research cooperation 

The rapid development of a global economy has reinforced the belief that 
the days of the nation-state are numbered. And yet, simultaneously, there is no 
lack of evidence worldwide of the resurgence of many forms of nationalism, 
often leading to conflict and open warfare. It would seem that progress in achiev- 
ing world growth based on the exploitation of the potentialities of economic 
interdependence will depend on the ability of the international community to 
achieve a working compromise between the requirements of the global system 
and the preservation of national identities. 

Thus, governments everywhere attempt to define their new role. One thing, 
at least, has become ever more clear: no country can expect to be an effective 
actor on the world economic scene without the scientific and technological 
resources required to keep up with, and even to generate, an uninterrupted flow 
of innovations. And all countries also find that the ability to compete effectively 
goes hand in hand with the ability to cooperate. The collapse of the Eastern bloc 
at the end of the eighties is a dramatic illustration of the penalties to be paid, even 
when scientific and technological resources are in principle abundant, for isola- 
tion from world trends, information channels and trade. 

Western European countries began their march to economic unity by joining 
forces in the key sectors — coal and steel — of the post-war world, gradually to 
extend this cooperation to nuclear energy, space, and subsequently to the whoje 
range of science and technology activities, in education as well as in research. 
The recent creation of the North American Free Trade Area represents another 
milestone in this trend towards cooperation at the scale of continents. Japan has 
multiplied collaborative ventures with other Asian countries through the Asian 
Pacific Economic Cooperation (Apec) system, and often demonstrates its desire 
to join forces with other members of the "Triad" to explore the most advanced 
frontiers of knowledge. And it is probably no coincidence if other countries that 
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lag behind, economically as well as technologically, are often those that have not 
managed to generate and join effective regional cooperation schemes. 

For, once again, cooperation and competition, in today's world, are two 
sides of the same coin. Cooperation is, of course, an unavoidable route when 
resources are limited and a single country cannot bear the full cost of the large 
R&D investments that are often required in key areas. In less tangible ways, 
cooperation is also required in order to develop in common the basic rules that 
will make it possible to benefit fully from a "regulated" globalization process: 
common understanding and joint decisions at international level are necessary in 
order to remove barriers to the expansion of trade and establish a world trade sys- 
tem whose excesses (in the form of excessive monopolies, or savage competi- 
tion) could only generate adverse national reactions taking the form of open or 
hidden protectionism. To "tame" globalization will require that greater attention 
be paid to developing more fair and effective international "new rules of the 
game" in areas as diverse as intellectual and industrial property rights, transbor- 
der data flows, privacy protection, antitrust, standardization, technological risks, 
environmental hazards, access to data, and so forth. 

Discussion of many of these questions are time and resource-consuming, as 
well as highly technical. These negotiations are often left to technicians repre- 
senting a small number of countries. Others might be well-advised to take more 
active interest, so that their specific interests are fully taken into account at the 
appropriate time. The future of nations depends on this ongoing process of devel- 
opment of new rules for the global society, that is intended to establish the gen- 
eral framework within which each country should be in a position to define its 
own approach to economic and technological progress. 

In relation to research, for example, the absence of common rules has seri- 
ous implications. The exploitation of the findings, which is the normal outcome 
of any cooperative scheme — at national as much as at international level — 
must be shared out on an equitable basis. When the project is concluded, it must 
be possible to measure the input and benefits for each concerned: for instance, a 
line must be drawn between the knowledge and know-how initially supplied by 
each participant, or background, and the results of the shared work, or fore- 
ground. 

This distinction becomes even more blurred when the partners are reluctant 
to disclose the extent of their skills in detail for the simple reason that they do not 
wish to say too much to potential future competitors. Japanese firms taking part 
in R&D projects have been known to consign information on their background 
knowledge in sealed envelopes to be opened only in the event of disagreement 
over the allocation of results. 

The procedures used for sharing out the results are of vital importance for 
determining the patent rights or potential licensing rights of each party con- 
cerned. The diversity of approaches currently used in different national and 
international programmes is therefore likely to lead to conflict. 
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This is compounded by the fact that programmes are evolving. At the start, 
most programmes result from a strategic plan for advanced research. The intent 
is to pool knowledge and research means among teams of researchers from pri- 
vate firms, university or public laboratories in order to generate basic knowledge 
in a new technological field. The aim is to move ahead in a generic technology 
(e.g. genetic coding, or superconductivity) without any specific commercial out- 
lets in mind at the start. Research is viewed as "pre-competitive". However, tech- 
nology — even of the most "generic nature" — is never totally divorced from 
strategy and commerce. As the project develops, economic implications and 
application opportunities will become more and more obvious. The cooperative 
programme tends to shift to more market-related goals, and will thus meet even 
greater difficulties in sharing out research findings. The future of the participants 
— be they countries or firms — depends on their ability to anticipate such situa- 
tions and solve these problems equitably. 



The challenge of defining priorities 

"There was a time — not so long ago — when governments hoped to be able 
to programme, and even plan, scientific and technical progress with the aimljf 
being able to control the whole chain of initiatives and events leading from the 
production of knowledge to the launching and diffusion of products." 1 " The com- 
mon assumption that there actually was such a chain, mechanically linking basic 
research to innovation, was certainly naive oversimplification. It remains, how- 
ever, that the overall context in which science and technology policies are made 
has changed drastically since the sixties and seventies, to a large extent as a result 
of the progress achieved in the new "high-tech" sectors. For many observers, the 
world has entered a new "techno-economic paradigm", and is presently engaged, 
as a result, in a process of major change comparable to the Industrial Revolution 
of the last century, but which may turn out to have even deeper implications, in 
view of its global nature. 

The world economy is thus being remodelled, and the interplay of techno- 
logical, economic, social and political factors is so complex that even the imme- 
diate future is difficult to forecast. Instant adjustments to unexpected shifts have 
become a daily requirements for individuals, firms and other institutions, as well 
as for governments. In this climate, the stress is on structural adaptation, flexibil- 
ity, deregulation, decentralization, initiative... In the absence of clear markings of 
the road to be followed, it becomes indeed very difficult for each country to 
arrive at rationally defined priorities. 

And yet such priorities are unavoidable in science and technology, with 
regard to education and the provision of skills as much as with respect to 



16 OECD. Major R&D programmes for information technology. Paris, 1989. p. 12. 
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esearch-related activities, ranging from the selection of programmes to be 
launched and implemented domestically, to the choice of areas w^coon^ 
tion and/or licensing would be needed. Such choices wiH be all the more d'fSt 
in view of the fact that they may only be expected to have a medium-tern or even 
long-term impact. ven 

New types of approaches to the day-to-day monitoring of rapidly evolving 
technologies are needed. As noted above, a careful analysis of the main trends in 
each of the new major technological areas will bring to light "margins of liberty" 
and areas of compulsory choices". This understanding is of essential importance 
to all countries since it will set the technological framework against which deci 
sions can be arrived at. In other words, the challenge is "to bring out the extent to 
which the options that can be envisaged are in fact circumscribed by a certain 
number of lines of force that do not allow very much diversity in the choice of 
objectives and impose a certain logic on all approaches". 17 

The identification of these "lines of force" has been referred to as an exer- 
cise m technological landscaping" « whose task is to identify peaks that cannot 
be scaled, mountain ranges that must be crossed, and valleys that might make it 
possible to circumnavigate obstacles. In order to be effective and contribute to 
the formulation of the national technological strategies, it is clear that such an 
effort should be developed on a continuous basis, since it is concerned with a 
constantly shifting landscape; that it should be established in close communica- 
tion with the highest levels of government concerned with industrial and technol- 
ogy poicies; and that the results of its work should be broadly publicized and 
available to all relevant public and private actors whose decisions are affected by 
or will have an impact on, technological change. 

Finally, such an activity needs to be directly articulated with more circum- 
scribed efforts undertaken by different groups to explore certain aspects of tech- 
nological change. These related efforts range from the technological "search- 
activities of firms hoping to keep abreast of the "state of the art" in their specific 
branches, to technology assessment attempts reflecting environmental and social 
concerns. 

Technological landscaping, however, cannot be expected to make a real con- 
tribution rf it serves merely to collect and redistribute data on innovation Land- 
scaping implies a construction, an effort to make apparent chaos intelligible 
Thus, the main challenge of technological landscaping is probably to organize 
the mformation collected in a way that will facilitate insights in areas of national 
interests. There are, at present, no ready-made recipes or formulas for such an 
achievement, and one may hope that practice will gradually improve. But the 



17 Id. ibid., p. 13. 

18 Id. ibid. 

19 See: Brooks, Harvey. Technology assessment. In: Salomon et al. Op.ciL 
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magnitude of the theoretical and practical difficulties should not deter any coun- 
try from launching this type of effort, in the direction most appropriate in view of 
its national endowments and concerns. 

4. Conclusion 

All countries have to adjust to an international environment which has 
become more and more volatile and less and less predictable. The ability to 
mobilize science and technology is now broadly acknowledged as an essential 
asset, but technological advances proceed so rapidly and on such a broad front 
that they contribute to increasing uncertainty about the future. Brazil has in the 
past devoted considerable resources and energy to the development of scientific 
and technological resources. In several cases, the country has followed strategies 
of its own, which have given the national S&T effort some unique features and 
have succeeded in placing Brazil as a world leader in several areas. 

Although the author of this chapter is very far from being fully informed of 
the many dimensions of Brazilian science and technology, it would seem to him 
that the major and most urgent task ahead is to take advantage of these accumu- 
lated resources (in terms of qualified personnel, institutions, expertise, skills and 
know-how) as competitive advantages for successful participation in interna- 
tional trade. The difficulty of the challenge is to seek greater integration in inter- 
national exchanges of technology, goods and services, while seeking to 
strengthen the contribution of S&T resources to the development of the Brazilian 
economy and society as such. 

The very first priority should be to encourage and strengthen the institu- 
tional chain that unites the system of production of scientific and technological 
knowledge with the economic and social systems where the results will be con- 
sidered for application. 

In order to increase the general effectiveness of the national research system, 
the professionalization of science and technology still needs to be encouraged 
and advanced. Broadly speaking, the research profession needs to be even more 
explicitly recognized as a legitimate and essential activity within society. On the 
one hand, this will require systematic efforts to facilitate public understanding of 
the specific needs and national implications of scientific work. On the other hand, 
public recognition should be translated, from the perspective of the scientist, in 
terms of adequate salaries, career prospects, a sense of belonging to a national 
scientific community, and so forth. 

Professionalization of research also requires effective institutional settings 
(universities, government research establishments, industrial laboratories), where 
the basic requirements of scientific work are satisfied (in terms of equipment, 
technical assistance, facilities, and so on), while supplementary funding can be 
obtained for specific projects. In spite of the high priority assigned to applica- 
tions-oriented work, pluralistic funding will be essential to leave the way open 
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for the support of different types of research in a great variety of sectors This 
sort of diver S! fied support is an essential condition for the development of a flex- 
ible research system, that will be able to reflect the variety of national needs 
while allowing space for undirected, more basic research which is the breeding 
ground for future innovations. 

In this connection, special attention should be paid to university research as 
a focal point for the training of future researchers and the pursuit of non-oriented 
research. 

The federal structure of the country should provide an opportunity to foster 
decentralization and diversity in research and training approaches. It is also at 
this decentralized level that initiatives could be taken to reinforce various 
"bridges" between research, the society and the economy, in order to encourage 
application of results to the solution of local needs. This type of linkage is all the 
more essential, because it should often provide a favourable setting for the emer- 
gence of new ideas, experimentation and demonstration based on generic tech- 
nologies that are nationally available. When appropriate incentives are available 
such local environments can become hatcheries for innovations that draw upon 
the national stock of knowledge and know-how to respond to specific economic 
and social demands. The potential of such innovations for lucrative marketing 
abroad should not be underestimated. 

The diffusion of new results and technological developments also needs to 
be systematically pursued at national and local levels, to be brought to the atten- 
tion of small and medium size firms, farmers and forest managers, exporters, and 
so on. In each case, specific arrangements will be needed to ensure effectiveness 
m reaching the target group. Extension services developed in other countries in 
rural areas could provide a model to be adapted. In any case, policy analysis and 
evaluation should be conducted on a continuous basis to bring to light areas of 
possible convergence between research applied to national needs and market-ori- 
ented research and applications. Various schemes will be needed (from "factory- 
nurseries" to venture capital opportunities), in order to encourage a new export- 
oriented spirit and facilitate the commercialization of new products. 

These efforts should, in particular, be closely related to technological land- 
scaping activities conducted in close relation with policy-makers. These activi- 
ties should provide essential inputs for the definition of national priorities in 
research and training. Their results should be broadly available to the public. 

Export-oriented attitudes should in any case be systematically encouraged in 
research institutions. This might require deliberate efforts to promote industry- 
university relations in education and research and to provide assistance to scien- 
tists for the filing of patents, and so on. Scientists and engineers should be able to 
contribute directly to innovative industrial ventures. 

Export-oriented institutions should be reinforced in areas such as standard- 
ization, quality control and conformance testing. Special measures should be 
implemented to ensure that the responsible bodies are adequately funded for their 
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national and international activities, and remain closely connected to both sci- 

CnCe The i^Sions of the major goal of creating a "networked society'; - 
both nationX and extended internationally - should be explicitly recogmzed 
L all ar as o public policy. Special decisions will probably be required in order 
to promote "open systems" in government informatizatton programmes. 

P Greater attention will need to be paid to the implications of pub he pu.hases 
at national and local levels. The public purchases system should be e tabh hed 
on a basis that fosters technological creativity as much as economy of re sources 
All sect s of government activity should, in particular, be in V1 ted to exp icit and 

^cu^ 

compatibility" (between different generations oftechnolog.es) w.l be especial y 

Zrtant in connection with the development of social ,nf ™™*™^™ 
aT well as in rural areas): initial investments, even when modest, should be 
desSd not to pTeclude subsequent additions of, and integration with, more 
modern and extensive components. A basic principle to be stnetly adhered to 
wmild thus be to always "leave future options open . 

W ° A 1 he ll decisions will usually involve substantial contracts with supph s 

and constructors. It should be remembered that contracts allocated competitively 

on he has of a "bids and proposals" procurement system) have ,a pojjtt* 

effect on innovation capacities. While non-competitive procedures for the alloca 

industrial societies id to increase deliberate efforts to = - - 
fied demands for the application of new technologies n industry and ervice 
Various incentives and technical assistance schemes will be needed for this pur 

^Finally, adequate resources need to be specifically allocated to the pursuit of 
international efforts as natural extensions of national act.vit.es in science and 
uS^cS'c^si.ieration, however, needs to be given to the procedures 
and mechanisms most appropriate to maximize returns. 
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United States science and technology policy: 
the effects of a changing international 
environment 



Eugene B. Skolnikoff* 



1. General setting 



Political and economic changes 

The momentous changes on the international scene in recent years form 
the essential background for an assessment of the science and technology 
policies of the United States: what they are and what they are likely to 
become. Largely as a result of evolving international relationships, the 
United States, with by far the largest expenditures of any nation on research 
and development, is now engaged in a major reexamination of its science and 
technology policies, with likely substantial effects on relations between the 
United States and other nations, and particularly with the developing coun- 
tries of the South. 

The most obvious political change on the international scene is the end of 
the Cold War that has greatly reduced the rationale for what has been the 
majority of research and development (R&D) funding by the United States 
government (defense takes some 60 per cent of the federal R&D support in the 
current 1993 fiscal year), and for about 30-40 per cent of all funding, private 
and public, devoted to R&D (total public and private resources devoted to 
R&D in FY 1993 are estimated to be about US$150 billion). 1 The reduction in 
the overwhelming security threat comes at a time that has seen a major 
increase in the level of international economic competition the United States 
faces, particularly in technology-related fields. The once dominant American 
international trade position has given way to negative trade balances, even in 



Massachusetts Institute of Technology. 
1 Statistics on R&D expenditures are not wholly accurate, nor up-to-date. However, they do provide 
adequate order-of-magnitude estimates. The best sources are found in OECD (Organization for Eco- 
nomic Cooperation and Development) reports, reprinted in The OECD Observer, for example in 
OECD in figures: supplement to the OECD Observer, N s 176, June/July 1992, and in National Sci- 
ence Foundation (NSF) documents, such as International science and technology data update: 1991. 
Washington, D.C.; NSF, 1991. (Special Report NSF 91-309.) 
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high-technology products which had been considered the hallmarks of United 
States comparative advantage. 

Th, reduced security concern and the rise of economic competition have 
The reduced security con d for econormc 

(these matters will be revisited below in detail). 

this Spring by President Clinton). 

The rise of regional trading blocs, first in Western Europe, and now slowly 
in the We^m Ssphere also'may over time alter the context in which policies 
f 4t ^reconsidered The European Community has organized a wide array of 

co F , t ./ th _ rnmmunitv If that pattern continued, and Natta (witn a 

make this retreat to regionalism more likely to come about. 

Working in the opposite direction is the unprecedented degree of mtenuv 
donuHuregreuuu uf ulual societies that has become uue uf the ^mg^ 

new level of inescapable interaction among States. 



2 OECD in figures, pp. 56-7- 
106 



Conflicting views of the future can be drawn from this steadily more intense 
integration that is characteristic of the world scene. Will it mean the ultimate ero- 
sion of the nation-state accompanied by the rise of non-state institutions (govern- 
mental and non-governmental) with enhanced authority and responsibility? Or, 
conversely, will an aggressive nationalism develop, with a return to hegemonic 
rivalries and emphasis on achievement of national, as opposed to international, 
goals perhaps organized in a regional structure? Or, some combination of both? 

This is not the place to attempt to forecast which view, or whether some 
combination, is the one more likely to materialize, and when. However, it is 
important to observe, notwithstanding dramatically intensified international inte- 
gration, that science and technology continue to be supported through a process 
that is primarily national, that the motivations for the support provided by gov- 
ernments are intended to serve the objectives of the State, and that by and large 
the motivations for private-sector support also are oriented to the purposes of the 
State since the fortunes of firms, even in an era of growing internationalization of 
industry, are dependent on the well-being of the nation in which they are prima- 
rily based. 

Thus, the underlying fact is that the resources allocated for science and tech- 
nology — public or private — are still dominantly national in purpose, are deter- 
mined in a national policy process, and are allocated to serve national goals. This 
pattern will undoubtedly remain as it is well into the future. 



Developments stemming from scientific and technological change 

The fact that international political and economic developments influence 
the environment in which S&T policies must be considered is self-evident. The 
reverse — the recognition that technological change influences political and eco- 
nomic developments — is as obvious, but the nature of the effects of technologi- 
cal change are usually considered explicitly only in specific subjects or situa- 
tions. There are some general observations about those effects, however, that 
deserve brief presentation; they form an important backdrop to an appreciation of 
the influence continued progress in science and technology will have on both 
S&T and on broader social and economic policies. In summary form, they 
include the following. 



3 The relationship of science and technology to the evolution of the international political system will 
have a great deal to do with which future is likely to emerge. This subject is explored in my book: The 
elusive transformation: science, tedmalogy and the evolution of international politics. Princeton, 
NJ., Princeton University Press, 1993. See also Zacher, Mark W. The decaying pillars of the West- 
phalian temple: implications for international order and governance. In: Rosenau, James N. & Czem- 
piel, Ernst-Otto (eds.). Governance without government: order and change in world politics. 
Cambridge, Cambridge University Press, 1992. 
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Broader opportunities, choice and flexibility 

A key effect of advances in S&T is to offer a wider range of options for gov- 
ernments and industry to achieve specific goals. As one important result, R&D 
can increasingly be targeted on the design of technologies that will modify or 
undermine the basis for existing international economic relationships (e.g. natu- 
ral resources dependencies). 



Growing internationalization and globalization 

As technology is developed that expands capabilities of size, distance, and 
power, it becomes increasingly international in its reach, either because it must 
be deployed in an international setting (e.g. space systems), or because its effects 
have unavoidable international impact (e.g. atomic weapons or communications 
technology), or because efficiencies of scale dictate international deployment 
(e.g. information networks). Growing international effects also result from the 
cumulative externalities of countless small decisions about uses of technology 
that cause consequences reaching beyond national borders, and increasingly to 
the planet itself. The emergence of an increasing number of global-scale issues, 
such as global warming or destruction of the ozone layer, both stemming from 
effluents of widely used and essential technologies, are obvious examples. 



Increased need for international cooperation in R&D 

A concomitant of the expanding reach of technology and its effects, along 
with the higher costs of equipment and research, is the increased requirement 
for international cooperation in the conduct of R&D. Research costs increas- 
ingly are higher than nations, even wealthy ones, can manage alone; interna- 
tional problems require multinational cooperation to understand causes and 
ameliorative measures; and development of mitigation technologies often 
require bringing to bear resources and competence beyond what one nation 
can do alone. 



Inertia of large technological systems 

As capabilities of technology expand, it becomes possible and efficient, 
often necessary, to link technologies in steadily larger systems that are now 
increasingly international in scope. Once the systems are in place, however, the 
sunk costs and fixed installations tend to reduce flexibility since change can only 
come slowly and at substantial cost. The global energy system, now so wedded to 
fossil fuels, provides an apt illustration of a massive system with major environ- 
mental implications that can be altered only gradually over many years. 
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Interlocking of societies and of economies 
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Increased science-dependence of technology 
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policy in many areas of national interest, including particularly economic and 
foreign policy. 

All of these general effects of R&D are taking place in a world in which 
competence in science and technology is growing and diffusing on a worldwide 
basis. No longer is one nation, the United States, dominating S&T as it has since 
World War II. Notwithstanding its larger commitment of resources for R&D, 
there is much greater equivalence of capability today, shared by many countries. 
The United States may have the broadest general competence, but it is no longer 
the case that leadership in any given field will be found in that country. This is 
particularly relevant as esoteric defense technologies lose their significance, and 
as commercial technologies have in general become more advanced than those 
developed in a military context. 

This new world situation has significant repercussions in economic affairs, 
especially in trade relationships, and puts a premium on viable national policies 
for S&T, for promotion of effective international transfer of technology and for 
measures to move knowledge rapidly and profitably from the laboratory to the 
commercial marketplace. It is to those that we now turn. 

2. Implications for S&T policies in the United States 

The recognition that economic growth and competition must now have a 
central position in the setting of S&T policies may be widespread, but that is a far 
cry from leading to agreement as to what those policies should be. In fact, the 
nature of the desired policies are controversial in most countries, not the least in 
the United States. 

There are many dimensions to these controversies, several of which bear 
directly on the question of how nations manage their scientific and technolog- 
ical enterprises in this new, interdependent, post-cold-war world. 

Economic returns to R&D 

One deceptively straightforward question relates to the economic 
returns to be expected from investment in R&D, and particularly from the 
resources committed to basic science. Presumably, if economic payoff is the 
intention, an economic return on investment should be anticipated, so that a 
reasonable cost-benefit analysis can be made and alternative expenditures 
compared. 

But, the return on investment in research is peculiarly difficult to measure, 
so that much of the claim of economic benefit is made through qualitative, rather 



4 Alic, John A. et ai. Beyond spinoff: military and commercial technology in a changing world Bos- 
ton, Harvard Business School Press, 1992. p. 73. 
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than quantitative arguments. 5 Even if estimation of the return on investment is 
possible for overall R&D (the best attempts at evaluation indicate social rates of 
return in excess of 50 per cent), it is not possible in advance to quantify the eco- 
nomic payoff of specific research endeavors. 6 

Thus, the very basis of support for R&D, when economic benefit is the pri- 
mary criterion, cannot be pinned down and is open to dispute. Even when there is 
rough agreement on the amount that should be invested by government, the spe- 
cific allocations among different fields, and among basic science, applied sci- 
ence, and development, are inevitably subject to personal judgment, bureaucratic 
competition, vagaries of the budgetary and policy processes, and lobbying from 
interested parties. Some nations formulate and implement their science policies 
in the face of these uncertainties with considerable aplomb and apparent clarity 
of view; others exhibit serious difficulties as they try to face an inherently com- 
plex situation with policy processes that discourage development of a coherent 
overall perspective. The United States is too often an exemplar of the latter. 

Notwithstanding this rather fundamental difficulty in determining the eco- 
nomically appropriate allocation of resources, the United States Government has 
continued to increase overall funds for R&D at least equal to or ahead of infla- 
tion, until this current 1993 fiscal year. 7 Disagreements arise within the overall 
allocations, with "small" science in traditional fundamental fields of physics and 
chemistry suffering relative reductions, while big science spectaculars (space sta- 
tion, superconducting supercollider, human genome) continue to grow. And 
defense-related appropriations remain in excess of 60 per cent of the total federal 
R&D budget, only modestly reflecting in President Bush's budget proposal the 
changed security threat. 



5 An excellent detailed summary of economic theory on the subject and of the primary writings and 
issues is given in A background review of the relationships between technological innovation and the 
economy: In: Technology, trade, and the U.S. economy. Washington, D.C., National Academy of Sci- 
ences, 1978. pp. 18-48. (Report of a workshop held at Woods Hole, MA, Aug. 22-31, 1976.) An 
Office of Technology Assessment study: Research funding as an investment, Science Policy Study 
Background Report n a 12, House Committee on Science and Technology, 1986, summarizes the state 
of knowledge of the returns to R&D investment up to the time of publication. 

6 Mansfield, Edwin. Estimates of the social returns from research and development. In: Meredith, 
Margaret O.; Nelson, Stephen D. & Teich, Albert H. (eds.). AAAS science and technology policy 
yearbook 1991. Committee on Science, Engineering, and Public Policy. Washington, D.C., American 
Association for the Advancement of Science, 1991, pp. 314-15. 

7 Marshall, Eliot & Hamilton, David P. R&D budget collides with the deficit. Science, 258: 208-9, 
Oct. 9, 1992. Note that these allocations were decided in the last Congress; the Clinton administration 
will seek to change them; the new FY 1994 budget will be released April 5, 1993 though some ele- 
ments have already been publicly forecasf (see later in text). 

8 Ibid., p. 209. The Clinton administration has decided to continue both the space station and the 
superconducting supercollider, though with changes that are intended to reduce their costs in later 
years (Browne, Malcolm W. Clinton backs funds for science projects. New York Times, Feb. 23, 
1993. p. C2). However, there is reason to believe these programs could prove to be vulnerable in the 
actual budget debates later this year. 
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below). But this will mean, whatever the rhetoric, greater pressure to reduce the 
support for undirected basic research as funding agencies and Congress push for 
the primacy of economic goals. 

A recent disturbing trend is the falloff in what had been the steady increase 
in industrial R&D. Presumably a result of the recession and of a changing view 
of the value to the individual firm of support of basic research in central research 
facilities, R&D support in industry, except pharmaceuticals, will be flat or possi- 
bly fall in 1993. 10 This development may indicate a changed perspective on the 
part of industry of the economic value of basic research to the firm, and a general 
drift in the private sector toward support of research only when the economic 
benefits can be forecast with considerable clarity. At the moment, the possibility 
of a permanent change in industrial attitudes toward support of research is specu- 
lation only, but current trends do show the significance of economic payoff as the 
dominant motive in the climate in the United States for support of research. 



International competitiveness and R&D 

The economic competitiveness issue that has come to dominate the formula- 
tion of United States policies for the support of R&D is played out in the arena of 
international trade in goods and services. The rules of the game may be contro- 
versial and in flux, but the central concept of a liberal trading system has been 
that each trading nation will use its comparative advantage to export what it can 
produce at lower cost than others and import products and materials for which 
others have a comparative advantage. When working properly, all nations benefit 
from what should be a positive-sum game. 

Perhaps the most significant change that has taken place in the underlying 
principles of a liberal trading system, and one that relates directly to S&T, is the 
evolution in the determinants of comparative advantage. In traditional economic 
theory, the sources of comparative advantage are the relative endowments of a 
nation in the factors of production: natural resources, agricultural land, labor, and 
capital. Now, comparative advantage, or what many analysts would call competi- 
tive advantage, lies in a broader set of characteristics that prominently includes 
an economy's capacity for technological innovation to improve productivity. As 
a result, comparative or competitive advantage can be "created"; that is, it is a 
product of what an economy can produce through its human skills, its organiza- 



9 Heads of basic research agencies. Congressional leaders, the National Science Board, and the Presi- 
dent's Council of Advisors on Science and Technology in the previous administration all indicated 
movement in this direction (In science policy, too "it's the economy, stupid". Science and Govern- 
ment Report, Jan. 15, 1993. pp. 5-6). 

10 Swinbanks, David. Recession grips industrial R&D. Nature, 361 : 5-6. Jan. 7, 1993. A quarter of 
permanent industrial companies in a survey reported in this article plan to cut R&D budgets; 36 per 
cent said they would spend less on equipment and facilities. 
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The debate in the United States has tended to focus on the extent to which 
the government should intervene in the economy, and in particular whether it 
should select commercially-important technological fields for special support. 
The issue is usually couched in the context of "industrial policy", with strident 
views that touch on deeply-held ideological, economic or political convictions. 15 
Some would support the general position that government should not intervene 
directly in industry, but should help in creating the essential education and com- 
petitive home environment that will spawn creative, innovative companies. 16 In 
this view, companies are basically national in orientation, whatever the level of 
their international activities and ties, and are crucially dependent on their home 
environment and particularly on the internal vigor and competitiveness of that 
environment. Others call for an industrial policy that would involve varying 
degrees of intervention in the economy, adopting special measures targeted to 
improve the technological performance of economically-significant high-tech- 
nology industries. 17 

Proponents of what has come to be called strategic trade theory argue that 
there are "strategic" sectors in an economy, high technology being a prominent 
example, that receive a higher return to investment or generate social benefits for 
a society that are not reflected in the prices paid to producers. Thus, contrary to 
the traditional assumption of free-market economists that market prices are the 
sole appropriate guide to the allocation of resources, the positive externalities of 
those strategic sectors for society as a whole would justify biases in government 
policy in their favor. Paul Krugman sums up the argument with regard to high- 
technology industry: 

"Because of the important roles now being given to economies of scale, 
advantages of experience, and innovation as explanations of trading patterns, it 
seems more likely that rent will not be fully competed away — that is, that labor 
or capital will sometimes earn significantly higher returns in some industries than 
others. Because of the increased role of technological competition, it has become 
more plausible to argue that certain sectors yield important external economies, 
so producers are not in fact paid the full social value of their production. 

What all this means is that the extreme pro-free-trade position — that mar- 
kets work so well that they cannot be improved on — has become untenable. In 



15 Even the relatively interventionist Clinton administration has avoided using the term "industrial 
' policy" (see later). 

16 Porter. Op. cit.; When the State picks winners. Tlie Economist, Jan. 9, 1993. pp. 13-14. 

17 Competitiveness Policy Council. Building a competitive America — First Annual Report to the 
President & Congress. Washington, DC, Competitive Policy Council, Mar. 1, 1992; Johnson, 
Chalmers (ed.). Tlie industrial policy debate. San Francisco, Institute for Contemporary Studies 
Press, 1984; Adams, F. Gerard & Klein, Lawrence R. (eds,). Industrial policies for growth andcom- 
petitiveness. Lexington, MA, Lexington Books, 1983. 
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some are the product of legislation only in 1992, but the cupboard resulting from 
the last decade is not bare. These new policies put in place since 1980 deserve 
mention, for many of the Clinton administration proposals build on those legisla- 
tive and program innovations, and form the legal and programmatic base actually 
in place at the time of writing. A sampling of these policies include: 

1 . Programs were instituted to endeavor to make the competence of the National 
Laboratories relevant to the civilian marketplace. There are 726 of these labora- 
tories that receive roughly 1/4 if the total United States R&D budget (some 
US$22 billion in FY 1991), the largest being the atomic energy weapons labora- 
to-ies now in the Department of Energy, the laboratories of the National Aero- 
nautics and Space Administration, the in-house facilities of the National Insti- 
tutes of Health, and a variety of large Defense Department laboratories. 21 By leg- 
islation in 1986, extended in 1989 to include contractor-operated laboratories, 
provision was made for cooperative agreements between them and industry for 
joint development of promising technologies developed in the laboratories that 
might be suitable for commercial exploitation. 22 These agreements, dubbed Cra- 
das, have begun to be implemented, and are growing rapidly in number (an exact 
count is not available, but they now number in the thousands). 

2. Changes in patent policy were legislated in 1980 and 1984 to allow non-profit 
institutions, including the universities, to take title to patents derived from gov- 
ernment-sponsored research. 23 By allowing ownership of patents, it was hoped 
that those institutions would have greater financial incentives to license the pat- 
ents for productive use. This policy appears to be succeeding in stimulating 
greater patent and licensing activity, at least in some institutions. 



3. The National Institute of Standards and Technology (Nist, formerly the 
National Bureau of Standards) in the Department of Commerce was authorized in 
1988 to launch several new activities: an Advanced Technology Program (ATP) 
to provide public funds in response to industrial proposals to develop technologi- 
cal ideas to the pre-competitive stage; "industrial extension" programs, modelled 
after agriculture extension stations; and manufacturing technology centers to spur 
attention to this neglected subject in United States industry and universities. All 
of these are presently small in size, but capable of growth; Nist's overall budget 



21 Council on Competitiveness. Industry as a customer of the federal laboratories. Washington, D.C. 
(no date). 

22 Alic, John A. et al. Op. cit. pp. 79-80. 

23 Bayh-Dole Patent and Trademark Laws (PL 96-517). 

24 Skolnikoff, Eugene et al. The international relationships of MIT in a technologically-competitive 
world. Faculty Study Group, MIT, Cambridge, MA, May 1, 1991. 
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will become a novel "think-tank" arrangement at the level of the Presidency. 
There are many reasons to believe such an arrangement at the pinnacle of gov- 
ernment is politically precarious and will not survive over the long term. 

7. In the Defense Department there are several existing and new programs related to 
economic objectives. The most prominent of the existing programs is embodied in 
Darpa (Defense Advanced Research Projects Agency), a widely acclaimed advanced 
technology-development agency. Operating with a US$1.4 billion budget, it has been 
responsible for spurring the development of technologies important for defense that 
also had important commercial impact; computers are the most notable example. 
Limited to subjects with military interest, Darpa has in recent years consciously 
worked on technologies with "dual-use" character. Its success has led to proposals 
either to broaden its charter to include development of commercial technologies, or to 
copy it in a new civilian-oriented agency outside the Defense Department. 

More recent programs in the Defense Department cover a wide gamut. The 
1993 Authorization and Appropriations bills, for example, include the following: 

— Establishment of regional (in the United States) technology alliances to promote 
application of dual-use technologies in which there are regional clusters of strength. 

— Provision for defense manufacturing extension programs to support existing 
manufacturing extension programs on a cost-shared basis. 

— Establishment of a program to assist defense-dependent companies to acquire 
commercial-oriented capabilities, a major goal in the conversion from defense to 
commercially-oriented industry. 

— Development of dual-use critical technology partnerships with industry to be 
administered by Darpa. 

— Encouragement of commercial-military partnerships to foster development of 
commercial technologies likely to be needed in the future by the military. 

— Establishment of advanced manufacturing partnerships with industry to improve 
manufacturing technology. 

— Provision of assistance to universities, in cooperation with NSF, to develop 

in 
manufacturing education programs. 



y 



30 Senator Jeff Bingaman, chairman. Subcommittee on Defense Industry and Technology Committee 
on Armed Services, Press Release, Oct. S, 1992. 



All of these and some related programs amount to a shift of some US$1.4 
billion of defense R&D funding toward programs designed to transfer defense- 
oriented capabilities to the commercial marketplace. The majority are new efforts 
that will require implementation by the incoming administration. 



Policy changes proposed by the Clinton administration 

On February 22, 1993, President Clinton announced the substance of his 
proposals for a new technology policy. 3 They are comprehensive in nature, but 
short on details or, in some cases, on budgetary implications. It is likely that most 
of the proposals will be enacted in some form, especially since many involve 
expansion of activities already in place. Caution is necessary, however, for the 
programs will be debated in a politicized climate that could substantially alter 
budgetary totals and the specifics of programs. In fact, the political dynamics are 
so askew that a kind of reverse feeding frenzy has developed as Congressional 
committees compete to outdo the president in spending reductions. These cuts 
will be reexamined when the budget details are considered later in the session, 
but if larger cuts are voted, they will inevitably reduce the size of the new pro- 
grams proposed by the president. 

Several general comments need to be made, aside from the nature of the 
political and budgetary process this year. The first is that technology policies will 
inevitably be subsumed under broader economic policy interests and results. For 
example, the export performance of the United States economy, especially vis-a- 
vis Japan, will directly affect the scale of resources devoted to technology pro- 
grams, the steps taken to shield technological industries from foreign competi- 
tion, and the attitudes toward sharing of information with foreign corporations. In 
addition, non-technological economic developments such as the movement of 
long-term interest rates will be a key determinant of the actual scale of technol- 
ogy policies that are seen to be required, and the extent to which those policies 
depart from past assumptions about the role of government. 

Second, the Clinton administration in proposing these policies appears to 
be generally intent not only to reverse the long-standing laissez-faire view of 
government's role in the economy, but also to repair the traditional adversarial 
relations between business and government that have been so costly to the 
United States in international economic competition. The rhetoric of the pro- 
posals makes clear that the administration believes government has an impor- 



31 President William J. Clinton and Vice-president Albert Gore, Jr. Technology for America's eco- 
nomic growth: a new direction to build economic strength. White House Press Release, Feb. 22, 
1993. The specific material that follows is drawn from this document, except when noted. 

32 Wines, Michael. Clinton bows to political inevitability, trimming $55 billion more spending. New 
York Times, Mar. 9, 1993. p. A15. 
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tant role, but it is a role in partnership with industry, and industry must take 
the lead in selecting which are the important technologies. How this rhetoric 
will be carried out in practice remains a question, though some of the impor- 
tant appointments (Robert Reich at Labor and Laura Tyson at The Council of 
Economic Advisors in particular) have a prior commitment to these general 
ideas. 

Third, there is a commitment to carrying out the technology policies on the 
basis of merit-based allocation of resources with the intent to avoid, to the extent 
possible, the political distribution of spoils commonly referred to as pork barrel 
expenditures. There is considerable skepticism about whether this will ultimately 
be possible in the American system in a time of recession, deficits, and the 
absence of a major security threat. The growth of Congressional "earmarking" in 
the distribution of funds for science facilities, is not an encouraging sign in this 
regard. 33 

Fourth, an explicit commitment is made to basic science, "the foundation 
on which all technology policy is ultimately built". There is no doubt of the 
sincerity of this commitment but, as noted earlier, the pressures on the level of 
support for basic science may in fact inhibit fulfillment of the pledge over 
time. 

With these comments, the key elements of the Clinton proposals can be pre- 
sented. The proposed programs (only the highlights) will be grouped and summa- 
rized according to the administration's outline, and where relevant tied to exist- 
ing programs. 

Industry-government cooperation and support for commercial R&D 

— A commitment to reduce the defense portion of R&D funding to less than 50 
per cent of the total by 1998. 

— Expansion of the Advanced Technology Program (ATP) of Nist in the Depart- 
ment of Commerce that provides funds for cooperative development of pre-com- 
petitive technology with industry. There would be a large expansion of the ATP 
budget, US$103 million added to the US$68 million in the current year, to 
US$758 million by 1997. 34 Nist itself would go from US$381 million to 
US$1.37 billion by 1997, with the implication that Nist would become the chief 
civilian agency for implementation of technology policy. 35 



33 Norman, Colin. Brown turns up the heat on pork. Science, 259: 117, Feb. 19, 1993. 

34 Budgets, except where noted, come from a Feb. 16, 1993 White House public release. 

35 Andrews, Edmund L. Clinton's technology plan would redirect billions from military research. 
New York Times, Feb. 24, 1993. p. A14. 



— Rename and redirect Darpa to emphasize dual-use technology development. 
The new name would be Arpa, with the D (defense) dropped, though it would 
remain in the Defense Department. This is in contrast to campaign documents 
that called for a "civilian" Darpa, 

— Manufacturing R&D will be emphasized by all agencies. 

— National laboratory budgets in Departments of Defense and Energy and in 
Nasa will be examined with the goal of devoting 10-20 per cent, "where appro- 
priate", to technology-development partnerships with industry. Cradas — coop- 
erative agreements for development of commercial technology between the 
national labs and industrial firms — will be given greater support (US$47 million 
in the current year). It is too early to evaluate results of the existing Cradas, 
though there is justification for skepticism that the culture of the national labs 
will allow for substantial transfer of knowledge from them to the civilian sector 
or for much successful cooperation between the labs and industry. 3 The threat of 
major budgetary cutbacks in the defense sector and the allocation of funds to be 
used only for cooperative purposes will act as powerful spurs, however. 

— The current NSF budget will be increased by US$207 million, representing a 
14 per cent increase over FY 1992. More than half the increase will go to "strate- 
gic research" subjects previously chosen (advanced manufacturing, biotechnol- 
ogy, materials research, computing and communications, and global change 
research). 37 

— New programs to improve productivity of energy use in industry, transporta- 
tion and buildings, along with renewable energy emphasis, to be mounted by the 
Department of Energy. 

— Technology policy machinery in the White House will be strengthened, particu- 
larly OSTP and the Federal Coordinating Council for Science, Engineering, and 
Technology (FCCSET). The Council is chaired by the president's science advisor. 



Commercialization 

— Encouragement of regional technology alliances to emphasize regional clus- 
ters of strength. This idea apparently stems from the work of Harvard Professor 



36 Andrews, Edmund L; Swords to plowshares: the bureaucratic snags. New York Times, Feb. 16, 
1993. p. Dl. 

37 Browne. Clinton backs funds for science projects. New York Times, Feb. 23, 1993. p. C2. 
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Michael Porter who has argued that clusters of industries and universities able to 
interact on a face-to-face basis are more important for competitive strength than 
the globalization that presumably had eliminated the importance of geography in 
the conduct of business. 38 

— Encouragement of "agile manufacturing" programs that allow complementary 
Firms to work together in temporary programs to exploit fast-changing market 
opportunities. 

Access and use 

— Support for a national network of manufacturing extension centers. 

— Other efforts to spread knowledge and training about manufacturing processes 
and management. 

Business and investment environment 

— Make permanent the research and experimentation tax credit, which is 
intended to encourage increased industrial funding of R&D. 

— Extend antitrust modifications to allow joint production, not just joint research 
consortia among firms. 

— Ensure that trade policy strengthens high-technology industry, specifically 
that industry have full access to overseas markets and effective protection of 
intellectual property rights (IPR). This is likely to be one of the more contentious 
issues over the coming years. 

— In general, improve the financial environment to encourage increases in avail- 
ability of capital, long-term investment, and investment in equipment. 

— Examine regulatory policy to minimize cost and encourage investment. 

Education and training 

— A variety of programs to improve the teaching of mathematics, science and 
engineering at all levels. 



38 Morgan, Dan, Think locally, win globally. Washington Post, Mar. 5, 1993. p. HI. 
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— Promotion of manufacturing education. 

— Establish software and communications standards for education and training. 

Information highways 

— Increased R&D on supercomputers, faster computer networks, and more 
sophisticated software, with equipment to be built by the private sector. 

— Promote information infrastructure efforts by industry. 

— Increase dissemination of federal information. 



Transportation and other infrastructure 

— Investments in highway and transportation systems (a "new generation of 
automobiles"), R&D on civil aviation technologies, prototype maglev and high- 
speed rail systems, and smart highways R&D. 

Basic science, mathematics and engineering 

— The goal is specified as "world leadership", with commitments for continued 
strong support of basic research in universities and national laboratories, and sup- 
port for space science (working with foreign partners) and for environmental 
research. 

These represent the highlights of the programs presently announced, though 
others could appear. For example, there have been proposals to attempt to avoid 
what is seen by many as the major stumbling block to successful policies — the ' 
vulnerability of new spending programs to a pork barrel approach in the Con- 
gress. One of the more innovative proposals, mentioned with interest in another 
forum by the president, is for the creation of a quasi-public entity, a "Civilian 
Technology Corporation", that would receive a one-time appropriation of US$5 
billion. It would fund projects in cooperation with industry, as in the ATP of Nist, 
but would (it is argued) be able to be insulated more successfully from parochial 



political pressures 



39 



39 The proposal was produced by a panel of the National Academy of Sciences, National Academy of 
Engineering, and Institute of Medicine, chaired by Harold Brown (Brown, Harold & Wilson, John. A 
new mechanism to fund R&D. Issues in Science and Technology, Winter 1992/93. pp. 36-41). 
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Vice-president Gore has been given primary responsibility for implementa- 
tion, with OSTP in that capacity effectively reporting to him (the science advi- 
sory role of OSTP, not completely separable and thus possibly leading to future 
problems, remains focused on the president). 

Some of the proposed initiatives do not have substantial pricetags; others 
would be quite costly, and would therefore run up against the problem of increas- 
ing spending in the face of the pressure for deficit reduction. What will survive, 
in what form, and at what scale is presently far from determinable. The overall 
subject of technology policy to support America's competitive position, however, 
is sure to be at or near the front of the domestic and international agendas for 
much of this administration. 

General characteristics of recent and proposed policy initiatives 

The policies already in place and those proposed are and would be substan- 
tial innovations from the past. Those initiated during the Bush administration 
would certainly not have been expected of a Republican administration at the 
beginning of the eighties, and the new proposals go much farther in spirit and 
resources. They reflect several general characteristics of considerable importance 
that deserve to be noted: 

1. Many of the programs are focused on manufacturing technology in the convic- 
tion — a valid conviction — that both industry and academia in the United States 
have accorded low prestige, and hence little funding or talent, to the technologi- 
cal problems of high-quality manufacturing processes. This is in sharp contrast to 
America's major high-technology trading competitor, Japan. 

2. Investment is a key word, intended to emphasize President Clinton's convic- 
tion that the United States has been suffering from inadequate attention to the 
long-term development of its scientific and technological skills and infrastruc- 
ture. The payoffs of almost all the programs will be long-term, thus making the 
immediate problem of committing resources in the face of budget deficits partic- 
ularly difficult. 

3. Those programs dealing directly with technological development focus on so- 
called generic or pre-competitive technology, in the generally shared conviction 
that the government is never in a good position to pick technological winners and 
losers, and would be bound to do poorly if it tried to deal directly with a market- 
place technology. There is ample historical evidence for this view (e.g. the com- 
mitment to the development of commercial nuclear power technology, the 
Kennedy administration efforts to spur technological development in traditional 
industries, the abortive efforts to build a supersonic transport), though the line 
between pre-competitive and market-ready technology is not always as clear as 
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the distinction implies. The result, however, is that emphasis is placed on "part- 
nerships" and industry "leadership", rather than government choice of technolo- 
gies. Nevertheless, this is a substantial change in spirit, accepting clearly the 
appropriateness of government intervention in the economy. 

4. International competition is a central concern, which in turn implies that the 
programs will be particularly sensitive to trade issues such as reciprocity of 
access, effective IPR protection, and trade performance. 

5. Many of the initiatives are based on the scientific and technological compe- 
tence of the defense establishment of the United States, and represent a desire to 
reorient that competence toward economic objectives. The goal is laudable on its 
own, but also reflects political pressure from affected local and scientific com- 
munities anxious to see existing laboratories and facilities remain when the 
defense budget is reduced. 

6. The defense orientation has two (at least) other effects: (a) it mandates attention to 
those subjects that can be portrayed as having a military, as well as commercial, use, 
hence the emphasis on "dual-use" technologies; and (b) it makes possible larger 
funding allocations simply because the defense budget is so large that programs 
measured in the tens of millions of dollars are barely noticeable, and "reallocation" 
in this way seems to be a less painful way of reducing defense budgets. 

7. The programs, even if fully funded, will be of small size in relation to the mag- 
nitude of the task of influencing a US$6 trillion economy. Size is by no means an 
adequate measure of significance, but it does raise the concern as to whether this 
or any administration is likely to be able to secure sufficient resources to make a 
genuine difference in the economy. 

8. Finally, in typical United States fashion, the policy process results not in one or 
a few large programs, but a wide array of programs that represent many different 
views of what is needed, and that are being managed within many different gov- 
ernment agencies. That may be an effective way to experiment to determine what 
works; it may also be a route for scattering of scarce resources across an array of 
sub-critical efforts. Time will tell. 



Other elements affecting S&T policy 



Altered content of trade-relevant issues 

One of the direct consequences of the new appreciation of the determinants 
of a nation's competitive advantage in high-technology is a significant expansion 
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of issues relevant to trade negotiations; no longer can trade talks be confined to 
traditional matters such as tariffs, quotas, and direct export subsidies. National 
policies and practices in areas that previously received little attention in trade 
negotiations are now directly relevant. As David Mowery and Nathan Rosenberg 
observe: "Because of their effects on trade flows, domestic subsidies for R&D, 
government procurement, intellectual property regimes, investment subsidies, 
patent policies, regional development policies, and other policies that historically 
have received little scrutiny from trade policymakers are now central to trade 
negotiations". 40 Other subjects become relevant as well, such as the traditional 
relationships among business, government, scientific, and financial communities. 
In effect, the structural differences among nations become, in Laura Tyson's 
terms, a major element of trade conflict in technology-intensive industries. 41 

The result has been that a set of subtle and particularly difficult issues has 
become a necessary part of international trade negotiations. New rules, agree- 
ments, and perhaps new kinds of relationships that reach deeply into national 
styles and cultures will be necessary to maintain a "level playing field". 42 Tech- 
nological competitiveness has thus resulted in a trading system that now directly 
challenges national structures and styles, not just traditional trade issues. 

Basic research, competition, dangers for the universities 

It is relevant to S&T policy that in this new competitive context, basic sci- 
ence has become a more immediate factor in a nation's international position. 
The greater scientific content of some technologies means that basic research that 
might be related to commercially strategic fields comes closer than ever before to 
being an instrument of international competition. The result is growing pressure 
to limit the free dissemination of research results and to constrain the traditional 
openness of university laboratories where most basic research is performed in the 
United States. 43 Suddenly, principles of open communication, deemed by scien- 
tists to be fundamental to the progress and health of science, are jeopardized by 
the perceived relatienship of science to the economic competitiveness of nations. 

This may prove to be a divisive issue in the new administration, for the 
emphasis it is giving to the nation's competitive position in technology carries 
with it an overtone of "managed trade", and perhaps a degree of protectionism. 



Mowery, David C. & Rosenberg, Nathan. Technology and the pursuit of economic growth. New 
York, Cambridge University Press, 1989. p. 277. 

41 Tyson. Op. cit., chap. 2. 

42 Tyson. Managing trade conflict, p. 6; Bergston. C. Fred & Graham, Edward M. Globalization of 
industry and national governments. Washington, D.C., Institute of International Economics, 1992. 

An MTT faculty study analyzed the many issues involved in foreign access to American universi- 
ties (Skolnikoff et al. Op, cit.). 
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President Bush was completely committed to a free trade position; President 
Clinton and Vice-president Gore argue the same, but on condition that a "level 
playing field" exists, which might be defined with regard to R&D as equal access 
to the products of research in each country. 44 If it is believed that the nation's 
competitors, and particularly Japan, have access to the open research at American 
universities without reciprocity, there could be attempts to restrict that access or 
to retaliate in some other way. 

The issue at one level has a spurious simplicity: if research is supported by 
the State for the economic benefits it will bring, then it can be argued, and many 
do, that competitor nations or companies should not have equal access to the 
results of the research. Since most government-supported basic research in the 
United States is conducted in university laboratories and in other public research 
institutions, that view implies imposing some restrictions on access by foreign 
visitors and foreign students to those universities and institutions. 

There would be several costs of taking such a step, a policy that is being 
seriously proposed by some in the United States. 45 One is a result of the spread 
of quality research and scientific and technological competence throughout the 
world. That means that to maintain frontier research in any subject, scientists 
must have access to information generated by scientists and laboratories wher- 
ever they may be located. Any restrictions are not only undesirable, but counter- 
productive; they would eventually erode the vitality of the scientific enterprise 
itself which it is hoped will be the source of new knowledge for industrial exploi- 
tation. It is the quality of a nation's S&T enterprise that is the key to its long-term 
value for the nation, and that quality can be served best by maintaining an open 
research enterprise that is fully integrated into the worldwide scientific commu- 
nity. 

Moreover, it is not the timing of industry's access to new knowledge but the 
competence of a nation's industrial structure to translate the results of the labora- 
tory into competitive products that is the primary key to the commercial exploita- 
tion of knowledge. The focus must be on improving the ability of industry to con- 
vert knowledge to product, rather than on damaging the sources of knowledge, a 
view that is echoed in the Clinton administration policy proposals. 

The argument is easy to make at this level of generality. In practice, how- 
ever, the issues become somewhat clouded because of asymmetries in the struc- 
ture of the research enterprises in different countries. In the United States, the 



44 Bradsher, Keith. Split goal on trade. New York Times, Feb. 27, 1993. p. 6. 

45 Is science for sale? Transferring technology from universities to foreign corporations. Twenty- 
Eighth Report by the Committee on Government Operations, Oct. 16, 1992. Washington, D.C., U.S. 
Government Printing Office, 1992. Sen Shelby (D-Alabama) proposed on Feb. 17, 1993 a prohibi- 
tion on the sharing of information from NSF or NIH-funded research with representatives of foreign 
corporations or their American subsidiaries before publication. He withdrew the proposal on the 
promise of hearings to be held on the subject within two months. 
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basic research conducted in universities and public institutions constitutes the 
majority of the basic research performed in the country. It is conducted with open 
access and rapid publication of results. In Japan, however, and in some other 
countries, relatively less basic research is performed overall, with industry domi- 
nating the research scene and the universities playing a much less significant 
role. Japanese industry follows the practice of industry in all countries of restrict- 
ing the flow of information from their laboratories, so that reciprocity of access is 
difficult to realize in practice. 

The Japanese have relied heavily on the results of basic research in the West, 
a dependency they have begun to correct by increasing the support for basic 
research at their universities. But given the existing situation, and Japan's success 
in high-technology trade, the apparent one-sided access of Japanese industrial 
visitors to research laboratories in the West not surprisingly arouses political 
reaction and strident calls for imposition of restrictions on access to those labora- 
tories. There is particular concern in those fields, such as molecular biology, in 
which the time-lag between the laboratory and commercial exploitation appears 
to be particularly short. 

The universities respond — though not as an organized group — that the 
problem is much exaggerated and is, in any case, primarily a problem of short- 
comings of industry rather than of ease of access to knowledge; that there is more 
actual reciprocal exchange of knowledge with Japan than the asymmetrical struc- 
ture of research establishments would imply; that effective transfer of technology 
is much more difficult than is assumed; and that, most importantly, the supposed 
cure (imposing restrictions) would be much more costly to economic competi- 
tiveness than the disease. Even if access to some of the more applied work at uni- 
versities does assist foreign industries, so the argument is made, that knowledge 
is equally available to domestic industries, and there would be no way to apply 
restrictions only on commercially-relevant research without damaging the whole 
research enterprise. 46 

Whatever the resolution, if there is ever "resolution", of this issue of unfet- 
tered access to basic research at the universities, the perceived economic rele- 
vance of university research will certainly increase the pressure for universities to 
be more attentive to the need for economic returns to R&D, and to devise ways to 
improve the effectiveness of knowledge transfer to American industry. Not sur- 
prisingly, this has raised concern among scientists, who believe using economic 
objectives to determine basic research objectives is not only undesirable from the 
perspective of science, but also doomed to failure. That is, that the most likely 
economic benefits will be achieved through the unexpected advances of knowl- 
edge and synergisms among fields, not by research toward specific economic 
applications, which will inevitably be limited in imagination. 



46 Skolnikoffetal. Op.cit. 
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Programs to stimulate more effective transfer of knowledge are, however, 
more acceptable at the universities, and many of the leading research institutions 
have taken advantage of the new patent arrangements to mount aggressive patent 
and licensing programs. Industrial liaison programs at universities are now com- 
mon, though those that include foreign companies as members have run into the 
criticism of transferring knowledge too readily to foreign competitors. Universi- 
ties have also responded to the importance of improving education and research 
in manufacturing technologies. Federal government support has helped, but 
industry itself recognizes the need and has provided considerable support for 
some programs at leading universities. 47 However, the general and growing pres- 
sure on realizing economic benefits of research at universities will undoubtedly 
lead to policies that will challenge some of the cherished principles of operation 
American universities believe to be essential both to their independence and to 
their productivity. 

This challenge will also put into bolder relief a larger and in the long run 
a potentially more dangerous issue: the possible changes in national attitudes 
and policies toward science and the universities. In the United States there is a 
growing skepticism about science and technology, with the distinct possibility 
that the "social contract" between the government and the scientific commu- 
nity crafted during and after World War II may now be unravelling. 48 The 
combination of the end of the Cold War which removes the security need for 
large-scale funding and the justification for merit-based allocation of research 
funds, a continuing fragmentation of national politics that erodes central 
authority, a divisive new populism that is skeptical of the role of scientists and 
of elite universities, and a growing wariness of the externalities of technology 
could result in the United States in a wholly new, approach to science that no 
longer accords it the privileged apolitical status in the policy process that it 
has enjoyed for so long. 

Many scientists are seriously worried about this situation and its likely evo- 
lution, though it is not yet near a crisis stage. It is most likely, however, that the 
United States will at the least be undergoing a quite fundamental reevaluation of 
its basic science policies over the next few years, with the possibility of major 
restructuring to follow. President Clinton and Vice-president Gore appear to be 



47 The Leaders for Manufacturing Program at MIT may be the most ambitious. A joint program 
between the Schools of Management and Engineering, it is supported by 13 companies, and is train- 
ing some 45 students per year to be able to work in the manufacturing sectors of American industry. 
Stitt, Judith V. Leaders for Manufacturing, with a "Big M". MIT Management, Fall 1992. pp. 2-30. 

48 There was no formal contract, but there was rough acceptance of the idea that government would 
provide unfettered support for science, to be divided following the norms of the scientific community, 
in return for which benefits would be realized both for the nation's security and its economy. Bush, 
Vannevar. Science the endless frontier: a report to the president on a program for postwar scientific 
research. Washington, D.C., NSF, 1945 (NSF 60-40) provided the underlying rationale for the rela- 
tionship. 
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fully supportive of the traditional postwar norms of the government/science rela- 
tionship, but the press of events, especially changes in the economic situation, 
may lead them to be less sympathetic. 

Environment 

The incoming administration enters office with a strong electoral commit- 
ment to the environment. That will have several consequences, but for this 
review, the major effects will be to increase environmentally-related R&D, and 
no doubt to increase regulations based on the results of that research. 49 

The question that follows will be whether the nation's economy and its 
international competitive position will suffer from the commitment to more 
environmental technology and regulation. The evidence is in dispute. Vice- 
president Gore and others argue not only that there is no conflict between the 
economy and the environment, but that environmental technology can be a 
major contributor to economic health. 50 A contrary view sees environmental 
regulation as a cost to be carried by American products that foreign-made 
products are not assessed, while offering little in the way of direct technologi- 
cal opportunity. 

The resolution of this controversy is not certain, though it is worth observing 
that the Japanese government has made a substantial commitment to the develop- 
ment of technologies to meet environmental regulations in the apparent belief 
that there will be a substantial market for such technologies. 51 The Clinton 
administration is now proposing an increase of US$272 million over four years 
for the Environmental Protection Agency to support private-industry develop- 
ment of environmental technology. 52 

A substantial proposal for greater international focus on environmental 
research made by the Carnegie Commission on Science, Technology, and Gov- 
ernment may have a good reception in Washington and has already aroused con- 
siderable international interest. The commission proposed creating an interna- 
tional Consultative Group for Research on Environment that would sponsor a 
network of environmental research centers, parallel in concept to the Interna- 
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tional Agricultural Research Centers. 53 Such a network could be of great value 
both to industrial and developing countries in future attention to environmental 
problems. The ties between the Carnegie Commission and the new administra- 
tion, and the similarity of interest on this subject, make it probable the proposal 
will receive favorable attention. 



3. Implications for developing countries 

There are many implications for Third World nations that can be drawn from 
the discussions above, stemming both from the developments to be expected in 
science and technology, and from the likely direction of United States S&T poli- 
cies. This paper is not a suitable vehicle for laying out the policy choices devel- 
oping countries ought to consider, but some of the more important implications 
deserve to be highlighted. In particular, the signal importance for developing 
countries, and especially for the larger newly industrializing countries (NICs), of 
building indigenous capacity in science and technology is the one overwhelming 
implication that emerges from almost all of the relationships and changes dis- 
cussed in this paper. 

The effects of continued advances in S&T 

We saw, earlier in the discussion, a schematic exposition of the likely soci- 
etal effects of continued development of science and technology. Many of those 
will have important implications for developing countries, requiring the ability to 
respond to those effects and, at least as important, the ability to participate appro- 
priately in the international relationships that grow from them. 

It was noted, for example, that the nature of new technologies makes neces- 
sary or stimulates the creation of large international technological systems. To be 
able to take part effectively in the design of the systems, which will often deter- 
mine who will benefit most from them, and to take a measure of operational and 
policy responsibility, will require technological knowledge and capability on the 
same order of competence as the other participating nations. Knowledge will be a 
necessary prerequisite for ensuring receipt of a fair share of the benefits of the 
systems. 

Similarly, the rising importance of global issues and the increased interac- 
tion and integration among economies, so much of it technologically, based, mean 
that indigenous technological capability is essential in order to participate effec- 
tively and to the net advantage of the nation in the innumerable negotiations and 



53 Carnegie Commission on Science, Technology, and Government. International environmental 
research and assessment: proposals for better organization and decision making. New York, Carn- 
egie Commission, July 1992. 
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relationships that arise. Competence is necessary to understand the issues, to 
determine where the national interest lies, and to negotiate successfully with 
other nations, many of whom will have larger scientific and technological com- 
munities. These global issues can enhance the bargaining power of Third World 
countries (since Third World country adherence will be essential to deal with 
many of them), but the issues must be thoroughly understood to capitalize sensi- 
bly on that power. 

Other implications of technological change may reduce bargaining power, 
for example the growing ability to target R&D to produce technologies with spe- 
cific desired characteristics that will allow scientifically advanced nations to 
design around resource or other dependencies. 54 This capability cannot be pre- 
vented, but anticipating its consequences and moderating its impact will require 
scientific and technological knowledge necessary for development of realistic 
policy options. 

Closely related, the effects of technological change that alter factor costs of 
production may reduce the present advantages of Third World countries as sites 
for industrial production. The ability to compensate for such technological 
change, to create alternative incentives, even to determine just where the national 
interest lies, for example in judging the risks of lower environmental standards, 
similarly requires significant indigenous S&T competence. 

And, quite obviously, the increasing science dependency of new technolo- 
gies means that any nation hoping to be able to compete in world markets in tech- 
nology must develop a science base adequate to support the rapid pace of techno- 
logical evolution set by the technologically advanced countries. 

Other examples could be drawn, but the overall implications for Third 
World nations are simple and rather clear: 

1. The traditional comparative advantages of Third World countries in interna- 
tional trade are in general decreasing. That is, with the exception of fossil fuels, 
industrialized countries are less dependent on the resources or formerly favorable 
factors of production of those countries. (This, of course, says nothing directly 
about the markets those countries provide now or potentially.) Thus, the bargain- 
ing power of developing countries that is based on traditional comparative advan- 
tage is deteriorating. 

2. The other side of that coin is that the growth of global-scale technologies and 
problems does serve to enhance the bargaining power of developing nations, 



H Fossil fuel dependencies are the major exception, but only because of the scale of the energy indus- 
try and its fundamental nature for all economies. However, the potential is there to eventually reduce 
fossil fuel requirements through development of alternatives and improved efficiency, the time scale 
will be much longer, however, than for other resource dependencies. 
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especially the NICs and large, populous States whose participation is essential 
for dealing with the technologies or the problems. 

3. Finally, and overwhelmingly, a competent indigenous capacity in science and 
technology is essential in order to participate in modern international technolo- 
gies, to be able to negotiate effectively on increasingly complex international 
issues, to take advantage of enhanced bargaining leverage or to offset declining 
leverage, and to be competitive in high-technology trade. 

These lessons may be simple to state, but, of course, achieving that compe- 
tence in indigenous science and technology is not a simple matter. 



Effects of future United States policies 

The changes in United States S&T policies introduced during the Bush 
administration and the far-reaching proposals of the Clinton administration will 
necessarily have repercussions on developing countries; some of the more impor- 
tant effects that are relevant to S&T may come from other policy areas, however. 

For example, one change in direction already accomplished by the new 
administration is the modification of United States policy toward international 
population planning programs. The former ban on United States contributions to 
international programs that include abortion counseling has been lifted by Execu- 
tive Order of the president. This will certainly signal a more aggressive United 
States population policy in general, with a return to the policy stance of the 
Carter administration on this subject. 

A more positive policy toward multilateral institutions can also be expected, 
with the needs and issues of those institutions put higher on the foreign policy 
agenda, especially for those involved in global-scale issues. The preliminary bud- 
get revisions pledged to make the United States "current in its legal obligations to 
multilateral institutions". However, it is not at all likely that greater interest will 
be accompanied by large increases in funds, either for the organizations or for 
their regulatory and technical assistance efforts. The scale of the American bud- 
get deficit, the problems of the domestic economy, and the inward-looking preoc- 
cupation of the American public preclude large increases in resources for foreign 
activities. If there is an exception, it will be for international security functions of 
multilateral organizations, which will take precedence over technical assistance 
or environmental roles; immediate security needs always crowd out longer-range 
goals with lower political visibility. 

There may also be a move to review and change the basic foreign aid legis- 
lation, which has remained essentially the same since the Agency for Interna- 
tional Development (AID) was created in the Kennedy administration. In fact, 
funding for AID has been "cut pending reorganization of that agency". If that is 
carried out, science and technology will probably be accorded a larger place in 
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the new structure, but there is little reason to expect a fundamental change along 
the lines of the proposed Institute for Scientific and Technological Cooperation 
(ISTC) that almost came into being under President Carter. 55 A recent report of 
the Carnegie Commission on Science, Technology, and Government called for a 
thorough revamping of the United States policy process for foreign aid, greater 
attention to United States private and public sector capabilities in S&T in efforts 
to assist development, and a general approach of creating partnerships (domesti- 
cally and internationally) in aid of development. 56 It is too early to forecast what 
impact this report will have, but the subject is not likely to be accorded high pri- 
ority in the Clinton administration. 

It is also possible that the sheer scale of United States interactions with other 
countries and the concomitant difficulty in coordinating those activities through 
the Department of State or the White House will result in greater independence in 
the international operations of each government department. That is, there may 
be greater acceptance in the executive and legislative branches of the limitations 
and costs of coordination, and appreciation of the advantages of allowing the 
expertise of technical ministries to have more flexibility in their international 
activities. That is not the current tendency in the American policy process; in 
fact, there is more interest in tight coordination than decentralization of policy, 
but pressures of scale and need may force eventual movement in the direction of 
decentralization. 

Large increases in direct resources for foreign aid are not at all likely for 
many years into the future, except in the most unlikely event that the United 
States was forced to such a move by a global issue that threatened catastrophe. 
The pressure of domestic economic problems and the continuing unpopularity of 
foreign aid in the American public, make substantial resource increases out of the 
question. 

What may be possible, however, is the gradual development of alternative 
routes for the transfer of resources from North to South in the context of global 
problems. For example, funds for improving the efficiency of use of fossil fuels 
in order to reduce C0 2 emissions might be authorized to be spent by the appro- 
priate government agency wherever they are most cost-effective. With that 
authorization, funds would more likely be actually spent outside the United 
States, not in the context of foreign aid, but to serve an environmental goal. 
Tradeable emission permits would also have that resource transfer characteristic 
that would bypass traditional foreign aid bureaucracies. The interest of the new 
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administration in global environmental issues makes this development more 
likely in the next few years than would otherwise be the case. 

With regard to the impact on developing countries of S&T policies them- 
selves, the most significant effect of the increased focus on economic competi- 
tiveness is likely to be felt in a more aggressive trade stance. As noted, President 
Clinton has endorsed a free trade position, but it was accompanied by an insis- 
tence on reciprocity with regard to markets and on effective IPR protection. The 
United States has had many disputes with Third World countries about access to 
markets and IPR and those are likely to continue, perhaps grow. In general, poli- 
cies with serious protectionist overtones are much more likely in the new admin- 
istration than in the preceding Bush and Reagan years. Much of that new asser- 
tiveness will be directed at Japan and, to a lesser extent, Europe, but some will 
certainly affect developing countries. 

This will be particularly so for those countries, like Brazil, that are striving 
to industrialize rapidly, and in the process may be following policies to which the 
United States objects, such as infant industry protection, large subsidies for spe- 
cific industries, or demanding policies on intellectual property rights. Given the 
deeper determinants of competitive advantage today, the United States stance in 
international trade negotiations may prove to be both tougher and more con- 
cerned with "domestic" issues not previously a part of those negotiations. 

There seem to be few other direct implications of United States S&T policies for 
developing countries, other than the general appreciation that if the policies are suc- 
cessful, the United States will be a more formidable technology competitor in the 
future, making it harder for newer entrants to compete. On the other hand, a more 
prosperous United States will be a more valuable trading partner, offering markets for 
developing country exports and an easier attitude on transfer of resources. 

Successful policies in the education and training area could also have the 
effect of reducing the current need for foreign scientists and engineers to staff 
American universities and industry, thus possibly reducing the so-called "brain 
drain". 57 This cannot confidently be predicted, however, for the success of the 
education policies may be harder to achieve than any other aspect of the policy 
package, and in any case a thriving technological economy would be likely to 
attract even more students from abroad who elect to stay in the United States 

Implications of Nafta and possible follow-ons 

The S&T policy implications of Nafta and its possible later extensions fol- 
low from much of what has been covered above. The essential point is that what- 



National Academy of Engineering. Foreign and foreign-born engineers in the U.S. Washington, 
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ever benefits the agreement may accord to the developing countries of the West- 
ern Hemisphere that stem from increased low-cost and low-skill labor opportuni- 
ties are likely to be fairly short-lived. Technological trends will gradually make 
those advantages less important, at least in high-technology production, as tech- 
nological advance alters factors of production in favor of the more advanced 
industrial nations. 

Similarly, apparent possibilities for creating pollution havens in poorer 
countries will also not last for long, as increased R&D on environmental matters 
and increased attention to environmental issues in the new administration will 
likely reduce the need or the incentive for relocating production from the United 
States. In any case, Nafta will probably not be approved by the new administra- 
tion without parallel agreements on limiting the creation of environmental ref- 
uges. 

Finally, the effort of the United States to improve its technological competi- 
tiveness against nations in Europe and the Far East, will unavoidably also put 
pressure on those aspiring nations in the Hemisphere that are trying to develop 
their own competitive skilled industries. It is clear, again, what a premium there 
is on the ability of the less-developed nations of the Hemisphere to build their 
indigenous competence in S&T as fast as they sensibly can do so. 

4. Conclusion 

The science and technology policies of the United States are clearly entering 
a new phase, not only because of the change in administration, but also because 
of the manifold changes in both domestic and international affairs, and because 
of developments in science and technology themselves. Economic issues have 
come to dominate the agenda, and that is reflected in substantial new attitudes 
toward the roles of S&T, with a host of new programs already underway that are 
likely to be substantially expanded and added to by the new president. The gen- 
eral thrust is likely to increase the role of the federal government in creating the 
necessary conditions for economic innovation. The intent is to develop partner- 
ships with industry, though the extent of intervention by the government and the 
reliance on industrial leadership will be determined only as the policies are legis- 
lated and implemented. 

Whether the S&T policies will be successful or not in improving the nation's 
competitive position is obviously not certain, but the extent of the changes pro- 
posed, and the new spirit in evidence, gives ground for optimism. In any case, the 
policies are likely to make the United States a more formidable trading partner 
against all but the most effective economies, which may mean only Japan for 
now, and thus a challenge to Third World countries aspiring to improve their 
technological position. The policies will undoubtedly also create some problems 
within the United States, especially with relation to the support for fundamental 
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science, and carry the danger of introducing protectionist strains in areas previ- 
ously immune, for example, in university-based research. 

With regard to developing countries, the single most important S&T-related 
need is to build indigenous capacity in science and technology that will allow 
them to participate adequately in the host of new technological, competitive, and 
environmental issues they will have to face in the near future. Some help for this 
may be provided by the industrialized countries, but the political environment, 
especially in the United States, remains unreceptive to devoting substantial 
increased resources in that direction. The need for developing country coopera- 
tion in international technological systems and on emerging global-scale environ- 
mental problems, however, may increase the bargaining power of those coun- 
tries, forcing expanded movement of resources over time from the countries of 
the North to those of the South. 

Overall, it can be said that the world is entering a new era in science and 
technology policy, as it confronts a host of new problems in almost every sphere 
of social and political affairs. The developments in the United States will not be 
unique, but the size of the United States economy will magnify the international 
impact of whatever changes that nation makes. The beginning of a new adminis- 
tration at this time with new ideas is appropriate; the results are far from assured, 
but the energy that has been shown and the initiatives proposed make the future 
brighter than it has been. 
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Preface 

This analysis focuses on the science and technology issues as they relate to 
the changing political and economic environment in the United States. While 
this paper does not attempt to evaluate S&T policy issues in Brazil, the possible 
impacts of policy changes in the United States on Brazil are noted. 

The paper does not deal in detail with a number of "science for policy" 
issues, such as health care, environmental preservation, defense technology, edu- 
cation, or the cultural value of science, even though these are very important 
issues in the United States at this time. A few words about each of these omis- 
sions is needed. 

Health care, which is consuming over 14 per cent of GNP (2.5 times as 
much as defense) is not primarily a technology program (except perhaps for the 
costs of using the technology in a wasteful manner). The biotechnology industry 
has been the beneficiary of the extraordinary investments in "pathbreaking" 
research by the United States government, even though the National Institutes of 
Health (NIH) research investments were not justified by an economic objective. 
Only recently has NIH taken its economic role seriously. 

The environment does indeed pose important technical issues, both domesti- 
cally and internationally, and, like health care, has a major economic impact, 
through cost burdens on industry and governments alike. This is an area of great 
importance to Brazil, and in which Brazil has taken a strong international leader- 
ship position, for example by hosting the Unced. 

Defense technology is dealt with extensively in this paper, but not from the 
perspective of defense requirements as much as from the considerable impact of 
defense procurement and R&D activities in the economy and the expectation that 
much of the new civilian technology program proposed by President-elect Clin- 
ton will be paid for out of defense funding. The defense establishments in the 
United States and in Brazil continue to have a major role in technology, but with 
the rising importance of economic goals, the role of defense is diminishing in 



Albert Pratt Public Service professor; director. Science Technology and Public Policy Center for 
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both countries in comparison with private sector activity and government invest- 
ments in industrially relevant technology. 

Finally, this paper focuses on the health of universities because of their criti- 
cal role in the S&T "food chain" and their contributions to technology diffusion. 
But it does not address the problems of education, either in the public schools or 
higher education, except in the context of the relationships of higher education to 
S&T and to the federal government. For a recent study of the federal government 
role in the reform of pre-college math and science education — a major issue fac- 
ing the United States — see a recent study for the Carnegie Commission on Sci- 
ence, Technology and Government lead by the author: In the national interest: 
the federal government in the reform ofK-12 math and science education. (Sept. 
1991), and other material cited in the Annotated bibliography at the end of this 
paper. 

The material in this paper was prepared by the author, but some sections 
have been taken from the author's unpublished work and from recent published 
work cited in the bibliography. 

Lewis M. Branscomb 

Cambridge, MA 
January 3, 1993 
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1. Introduction 

This review of United States science and technology policy and discussion 
of current issues is made at a time of rapid change in United States policy. The 
election of President Clinton and "Vice-president Gore brings a new generation to 
power in the United States federal government, the first persons elected to these 
offices since World War II who did not participate in that war. This is, perhaps, 
symbolic of a shift in American views of its role in the world. No longer are 
United States views colored by superpower competition with a nuclear-equipped 
and sometimes expansionist Soviet Union — a view that affected American atti- 
tudes toward not only the USSR and its Nato allies, but unallied and development 
countries as well. The end of Cold War, the rise of economic competition in an 
increasingly global economy, raid change in the nature and power of science and 
engineering, leave the United States with a new political, economic, and security 
agenda but with most of the same institutional structures in its government that 
were built up during the Cold War. In addition many Cold War era concepts 
about the nature of technological innovation and the part science and engineering 
play in it, still dominate political thinking. 

Thus many of the concepts and new policy initiatives that have appeared in the 
late eighties and early nineties are transitional in nature, and may well change. This 
is also true of the missions of government agencies (especially Defense and Com- 
merce), the roles of national institutions (government laboratories, universities, 
consortia of firms), and — importantly — the role of state governments in the pro- 
motion of economic activity through investments in technology, in industrial exten- 
sion services, and in human resources. This paper will identify the post-war ori- 
gins of United States S&T policy and the institutions that drive it, will analyze the 
elements of policy that are in flux, and will focus in its conclusion on the issues 
likely to be most hotly debated in the Clinton administration's first year. 

The boundaries that distinguish technology policy from economic and 
industrial policy are fuzzy at best. Technologies are created for economic reasons 
and the investments they call for must be economically justified. Technology is 
an important element of industrial success, but only one element, along with 
labor productivity, capital cost, and managerial skill. Technologies are almost 
never an end in themselves. 1 A technology is the aggregation of capabilities, 
facilities, skills, knowledge, and organization required to successfully create a 
useful service or product. Technology policy concerns the public means for nur- 



1 There are exceptions, perhaps, in the military sphere. Historians may conclude that the Strategic 
Defense Initiative of President Reagan, while never more than a technology — and a highly specula- 
tive one at that — had an important impact on Soviet perceptions of their ability to sustain the nuclear 
arms race, given the state of the Soviet economy. But the other example of a technology of enormous 
political consequence, the Apollo mission capability, illustrates that in the end only mission success 
counts. 
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turing of those capabilities and optimizing their applications in the service of 
national goals and the public interest. 

United States S&T policy is, with exceptions noted below, largely uncodi- 
fied; it must be deduced by observation of the laws, the organization of govern- 
ment, and the actions of government managers and agencies. That policy is con- 
tinuously in flux, and it is unclear what direction the de facto policy will take in 
the next decade. But certain generalizations about the directions of policy change 
can be made with some confidence: 

— The federal government will gradually shift its priorities away from defense and 
space and toward technology development to support industrial competitiveness. 

— Private firms, in a weakened antitrust enforcement environment and respond- 
ing to international competitive pressures and to changes in innovation processes, 
will move away from vertical integration in favor of alliances of many kinds with 
suppliers, distributors, and for pre-competitive and infrastructural R&D with 
competitors in consortia. 

— Government decisions on civil technology activities will be increasingly 
shared with private sector bodies, and programs undertaken in evolving forms of 
public-private partnerships. 

— Government technology policy will become increasingly well codified and will 
begin to shift from almost exclusive emphasis on generation of new technology to 
increased support for technology diffusion: accessing, adapting, and using technology. 

— After a difficult and protracted period of downsizing, the defense effort (both 
procurement and R&D investment) will decline as a driving force in United 
States technology, and will move toward acquiring its increased fractions of its 
technology from commercial sources (foreign as well as domestic). 

— The national laboratories, which perform twice as much government funded 
R&D as universities, will find themselves with insufficiently compelling mis- 
sions to sustain their current levels of effort, but efforts to re-mission or downsize 
them will be met with strong political opposition. 

— The universities will lose some of the autonomy they have enjoyed in research 
and will become more deeply engaged with creating "useful" knowledge and 
accelerating its diffusion to the private sector, but will continue to focus primarily 
on basic research open to all. 

— State governments will become increasingly sophisticated in the services they 
provide to small and medium sized businesses to improve their productivity and 
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to attract capital investment, and the federal government will expand its encour- 
agement to and cooperation with the states in this endeavor. 

— International cooperation will increasingly influence American science, espe- 
cially in its dependence on major facilities or foreign access, and basic technol- 
ogy development as governments begin to internationalize some of their civilian 
technology development activities to reduce trade frictions. 

— It is increasingly anomalous that government, which is the source of finance for 
half the nation's R&D, insists on invoking three different and incompatible economic 
paradigms for technology generation, depending on the whether the purpose of the 
technology is to meet military, commercial, or environmental markets. Defense tech- 
nology is generated in a command economy; economic competitiveness is left to a 
laissez-faire policy; and environmental technology is forced by regulatory pressures. 
The United States is moving toward a more integrated industrial technology base. 
That industrial base is increasingly integrated into the worldwide economy. That inte- 
gration suggests that there will be a convergence of the policy tools for guiding tech- 
nology in all three areas: military, commercial, and environmental. 

The basic law that defines United States technology policy is the National Sci- 
ence and Technology Policy, Organization, and Priorities Act of 1976. 2 The occa- 
sion for this statute was the legislative establishment of the Office of Science and 
Technology Policy in the Executive Office of the President during the administra- 
tion of President Ford. President Nixon had disestablished the predecessor Office 
of Science and Technology, which was a White House office and not protected by 
statute. The 1976 Act for the first time documented the government's role in tech- 
nology, and is often referenced in subsequent legislation about critical technologies 
or technological priorities. The Act gives some policy criteria for federal invest- 
ments in technology for purposes other than established government missions: 

"It is further an appropriate federal function to support scientific and technologi- 
cal efforts which are expected to provide results beneficial to the public but 
which the private sector may be unwilling to unable to support." 3 

"Explicit criteria, including cost-benefit principles where practicable, should be 
developed to identify the kinds of applied research and technology programs that 
are appropriate for federal funding support and to determine the extent of such 
support.' 



2 42 U.S. Code 6,683. 

3 Section 6,602, (b) (3). 

4 Section 6,602 (c) (2). 
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The de facto United States technology policy is, indeed, shifting rapidly 
from its emphasis on development of technologies to serve missions assigned to 
the federal government, particularly in the defense, space, and nuclear fields, to 
programs intended to enhance the economic performance of private industry. 
The general directions of policy evolution where laid out by Dr. D. Allan Bro- 
mley in 1990 in the first formal declaration of technology policy by the Bush 
administration. 5 The year before, President Bush had publicly declared his inten- 
tion to provide cost-shared support for "precompetitive, generic" technologies of 
value to commercial industry, as indeed the Congress had authorized in the 1988 
Omnibus Trade and Competitiveness Act. 

During 1992, perhaps in response to the upcoming presidential election, the 
Bush administration substantially accelerated its initiatives in technology support 
to the economy even as its political rhetoric continued to warn against industrial 
policy. It requested growth in the Advanced Technology Program in the Depart- 
ment of Commerce to US$69 million for fiscal year 1993. It announced new 
R&D initiatives in high performance computing and communications, advanced 
materials and processing, and in the non-defense component of manufacturing 
research and development. It continued its investments in the National Research 
and Education Network. A substantial acceleration of policy change can be 
anticipated under President Clinton if the incoming administration implements 
the strategy described in the September 21, 1992, statement of the Clinton-Gore 
presidential campaign organization and a related statement of manufacturing 
strategy. These policies (together with others addressing national security, envi- 
ronment and health) represent an acceleration of ideas for federal activity in sup- 
port of industrial competitiveness that differ from initiatives already taken by the 
Bush administration and the Congress primarily in their pace, scale, and the level 
of confidence in their effectiveness. 8 Nevertheless, there is still a weak consen- 
sus on the appropriate roles for government funding of science and technology in 
support of economic performance. 



5 Bromley, D. Allan. The U.S. technology policy. Washington D.C., The Executive Office of the 
President, Sept. 26, 1990. 

6 Branscomb, L. M. Technology policy and economic competitiveness. In: Science and technology 
policy yearbook 1992. Washington D.C., American Association for the Advancement of Science, 
1992. 

7 Technology: the engine of economic growth (CHnton-Gore campaign document issued Sept. 21, 
1992). 

8 The elements of policy include: (a) support for R&D in support of the commercial industrial base (a 
civilian Darpa is mentioned, but the program seems similar to ATP in commerce); (b) an aggressive 
program to build 172 manufacturing extension centers, building on the current Nist MTCs; (c) invest- 
ment in information infrastructure (an extension of the current NREN program to schools, libraries 
and hospitals); (d) a focus on human resource development — with one welcome addition to current 
federal activities: an apprenticeship program on the European model to address school to work transi- 
tion for the non-college bound. 
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Indeed, it is unclear how enthusiastic the Clinton administration will be for 
technology investments as a tool for economic revitalization. Despite many 
strong statements on the campaign trail, the transition period after the election 
saw great prominence given to the "economic team" of senior officials in the new 
administration, but the president's Advisor on Science and Technology — a posi- 
tion ranked with the Director of the National Security Council — was not among 
them. The nomination of Dr. John Gibbons (the director of the Congressional 
Office of Technology Assessment) to this post was made with virtually no fan- 
fare or media attention, quite surprising in view of the prominence given to the 
appointments of others to this office and the central role science and technology 
are said to have to the economy. 



2. Postwar science and technology policies 

During the four decades after World War II, the United States attained the 
highest level of scientific and technological achievement in history. With the 
world's largest economy and the strongest armed forces, it helped to defend the 
cause of free society. It did so with outstanding success. New industries with 
revenues of hundreds of billions of dollars were created from scratch after the 
war, born from the creative powers of American science and engineering. As by- 
products of investments for defense, the aviation, computer, and microelectronics 
industries became leaders throughout the world. American universities attracted 
the interest and admiration of all countries, and they still attract one third of all 
the students in the world who study abroad. In only five years, Americans cre- 
ated the organization, the facilities, and the technology for manned exploration of 
the surface of the moon. 



The policies under which these achievements occurred were clearly artic- 
ulated in Vannevar Bush's report to President Truman, entitled Science, the 
endless frontier. 10 The period from the early fifties to about 1968, when the 
growth of American science came to a halt for 10 years, is often called the 



9 For an historical analysis of post war U.S. science policy, see Smith, Bruce. American science pol- 
icy since World War II. Washington D.C., The Brookings Institution, Apr. 1990. For an analysis of 
U.S. technology policy, with emphasis on national security and economic concerns, see Alic, John; 
Branscomb, Lewis M.; Brooks, Harvey; Carter, Ashton & Epstein, Gerald. Beyond spinoff: military 
and commercial technologies in a changing world. Boston, Harvard Business School Press, 1992. 
For an annual summary of issues, documents, and data about U.S. science and technology policy, see 
Meredith, Margaret O. Nelson, Stephen D. & Teich, Albert H. (eds.). Science and technology policy 
yearbook 1991 (and annually). Washington D.C., American Association for the Advancement of Sci- 
ence, 1991 (and annually). Other recommended references will be found in the Annotated bibliogra- 
phy at the end of this paper. 

10 Bush, Vannevar. Science, the endless frontier. Washington D.C., National Science Foundation, July 
1945, reprinted 1960, 1980, and in 1990. pp. 5-40. 
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"golden age of American science". It was the best of times for scientists in 
American history. 11 

The essence of the post-war policy for science and technology had two 
parts: (a) governmental support for research in basic science; and (b) active 
development of advanced technology by federal agencies in pursuit of their statu- 
tory missions. 12 Dr. Henry Ergas characterizes this policy, like that of Britain 
and France, as "mission-oriented" technology policy. 13 He contrasts this 
approach with the "diffusion-oriented" policies of Germany, Switzerland, and 
Sweden, which is an alternative approach to national technological development. 

Thus five assumptions have characterized United States S&T policy since 
World War II: 



(a) basic scientific research is a public good. Investment in it, especially in com- 
bination with higher education, leads, through a sequential process of innovation 
to the creation of new technologies which in turn may spawn new industries; 

b) in fulfillment of the government's responsibilities for defense, space explora- 
tion, and other statutory responsibilities, federal agencies should aggressively 
pursue the development of new technology for use in these missions. The tech- 
nological fruits of such a mission-driven, high-tech strategy will automatically 
and without cost to the government "spinoff to commercial uses, thus further 
stimulating industrial innovation; 

(c) by refraining from direct investments in research to create technology specifi- 
cally for commercial exploitation, and leaving to private industry the responsibil- 
ity for tapping into these two sources of science and technology support, the reli- 
ance on market forces to stimulate industrial competitiveness is not compro- 
mised; 

(d) complementing the centrally-directed, publicly-financed strategy for develop- 
ing military technologies and the laissez-faire strategy for developing commer- 
cial technology, a third strategy for environmentally useful technology has relied 
on the use of regulation to force private investment — a strategy based on the 
idea that environmental costs have only a negative impact on the economy, which 



11 It was not the best of times from a civil liberties point of view, for this is when Senator Joe McCar- 
thy was challenging the patriotism of many scientists. 

12 Smith, Bruce L. R. American science policy since World War II. Washington D.C, Brookings Insti- 
tution, 1990. pp. 48-52, and 164-6. 

13 Ergas, Henry. Does technology policy matter? In: Guile, Bruce R. & Brooks, Harvey. Technology 
and global industry: companies and nations in the world economy. Washington, D.C, National Acad- 
emy Press, 1987. p. 192. 
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fails to reflect a huge future world market in environmentally useful technolo- 
gies; 

(e) United States science and the economy have been sufficiently strong that 
government viewed science and technology as assets to be deployed internation- 
ally in support of political goals and building alliances to contain the Soviet 
Union. Technologies such as rockets, nuclear fusion and fission, and surveil- 
lance from space were deployed in the interests of free world security; the 
"peaceful uses of atomic energy" program, the civilian exploration of space and 
the Landsat program were designed to make these military-driven technologies 
more acceptable to publics at home and abroad. 

Each of these elements of American policy after the War II entailed a tacit 
assumption about the mechanism through which government investments in 
research and development would contribute to industrial innovation, and hence to 
the competitiveness of American products in the world market. These two 
assumptions are derived from a "supply-side" picture of how the process of inno- 
vation works industry based on high technology. 

Governmental support of basic research is justified, economists say, because 
the social returns from basic research exceed its cost, but the private returns to a 
firm investing in basic science are less than its costs because of low appropriabil- 
ity of the benefits. Professor Edwin Mansfield's analysis of all the evidence sug- 
gests that the social return from basic science in the United States in the late 
eighties was about 28 per cent. 14 

"Pipeline" and "spinoff": images of the contribution of science to technology 

The bipartisan support for science in the United States Congress has rested 
heavily on the acceptance of the "pipeline" model of the process by which that 
social return arises in the form of industrial innovations. 15 This conventional, 
but now discredited, model assumes that innovations arise in the research labora- 
tory or the inventor's shop, and are produced after a sequence of steps through 
applied research, development, design, and production. It is further assumed that 
this process is more or less automatic and inevitable, in which case a science pol- 



14 Mansfield, Edwin. Academic research and industrial innovation. Research Policy, 20; 1-12, 1991. 

15 Kline, Stephen. Models of innovation and their policy consequences. In: Inose, H.; Kawasaki, M. 
& Kodama, F. (eds.). Science and technology policy research: "what should be done? What can be 
done?" Tokyo, Mita Press, 1991. pp. 125-40. For background, see Kline, S. & Rosenberg, N. An 
overview of innovation. In: Landau; Ralph. & Rosenberg, Nathan, (eds.). Positive sum strategy: har- 
nessing technology for economic growth. Washington D.C., National Academy Press, 1986. pp. 275- 
306. 
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icy oriented to basic research is, in effect, a necessary element of a successful 
technology policy and assumes a prosperous economy. 

The "pipeline" model is not a bad description of how new industries arise 
from new science — a process that takes a decade or more. The model served the 
United States well during the post-war period of reconstruction when it had no 
serious competition from overseas in the field of advanced technology. The 
emerging biotechnology industry owes its origins primarily to the research in the 
science of molecular biology, genetics, and biomedical science funded by the 
National Institutes of Health. In the last decade NIH has invested over US$60 bil- 
lion in research conducted in the NIH institutes and in universities funded by 
NIH. The pipeline model is, however, inapplicable to the way established indus- 
tries compete through rapid incremental progress. 16 The "pipeline" model is an 
even less appropriate description of how firms in high-technology compete in the 
nineties. 

The second arm of American post-war policy has expressed faith that the 
technology created in pursuit of governmental missions will automatically flow 
to industry and will make for a prosperity. The process through which this is pre- 
sumed to happen is called "spinoff. 17 A key reason for its appeal is that 
"spinoff, like the "pipeline" from basic science to innovation, is assumed to be 
automatic and cost-free. Both of these assumptions, drawn from "supply-side" 
economic ideas, have the attractive feature that if they are automatic and cost-free 
the government does not have to "pick winners and losers" in order for the econ- 
omy to gain the benefits. Government can then claim that its policies achieve the 
goals of economic growth without interference with the autonomy of private 
firms. 

While "spinoff has, in fact, never been either automatic or cost-free, 
there are examples of commercial products "spun-off from military develop- 
ments. A classic case is the Raytheon Corporation's microwave oven, the 
trade name of which, the Radarange, discloses its military origin. Most cases 
of successful "spinoff occurred soon after the World War II, when military 
research and development in the United States dominated commercial 
research and development. Even as late as 1960, American expenditures for 
military research and development were a third of all the expenditures for 
research and development, public and private, by all the member-countries of 
the Organization for Economic Cooperation and Development put together. 
Today it is only one seventh, and is predicted to be more like one tenth by the 
year 2000. 



16 Gomory, Ralph. From the ladder of science to the product development cycle. Harvard Business 
Review, Nov./Dec- 1989. pp. 99-105. 

17 Alic, J.; Branscomb, L. M.; Brooks, H.; Carter, A. & Epstein, G. Beyond spinoff: military and com- 
mercial technologies in a changing world. Boston, Harvard Business School Press, 1992. 
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As a further guarantee against central political control over scientific and 
engineering activities, American policy after the war called for a highly decen- 
tralized responsibility for investing in research and development by federal agen- 
cies. Under principles advanced by Vannevar Bush but executed following the 
Steelman Report 18 a few years later, all federal agencies were to develop the 
technology needed for their assigned tasks and were also to support a proportion- 
ate share of the country's basic research as a kind of "mission overhead" reinvest- 
ment in the basic knowledge on which their technology depended. Furthermore 
the autonomy of academic science was to be preserved by competitive selection, 
by peer review, from unsolicited proposals. 



Dominance of defense R&D 

World War II, and the Cold War that followed, dominated government S&T 
strategy in the post-war period and gave it its "supply side" or "mission-oriented" 
character. In 1960 United States defense R&D comprised a third of all the R&D, 
public and private, performed in all the OECD countries. United States mili- 
tary R&D was, in effect, the sole engine in the non-communist world for techno- 
logical development of the emerging "high-tech" industries. Military procure- 
ment and government-funded R&D were big factors in the early post-war devel- 
opment of the United States electronics, computer, and aircraft industries. 20 If 
the process of diffusion of military technology to commercial firms was slow, no 
foreign firms were seriously challenging the United States industrial lead in these 
markets. American universities were prolific sources of new science from which 
technologies evolved. In contrast with today's environment of Congressional 
distrust and confrontation in defense acquisition, defense agencies in the fifties 
and sixties took technical risks and enjoyed a healthier partnership with their con- 
tractors. Much of the stimulation given by defense to technology came through 
adventurous procurement, not through funding of R&D. A massive national sci- 
ence and technology enterprise was built, with many institutional innovations. 

Those institutions and relationships shaped the policies we inherit today. 
Unfortunately they remain rigid and resistant to change. A system of national 



18 President's Scientific Research Board, Science and public policy: administration for research 
U.S. Government Printing Office, 1947. v. 1, p. 26, usually referred to as the Steelman Report. These 
recommendations were ordered to be carried out by President Eisenhower in Executive Order 10521, 
17 Mar. 1954. 

19 Beyond spinoff, loc. ciL 

20 In 1960 government expenditures on R&D dominated private investments (US$8.7 billion to 
US$4.5 billion). In that year 80 per cent of federal R&D investments were from defense. In 1963, if 
you include atomic energy and space with defense, they comprised 93 per cent of the federally sup- 
ported R&D effort and more than 2/3 of the entire national effort, public and private. In effect, it was 
the national effort. 
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laboratories emerged to support Cold War technology needs. Todav these ««, 

«- lab ° rat0rieS enj ° y a maj ° r Share 5 federal r^dolSr 
US$20.8 bilhon in 1992). However, they face uncertain missions and weak ret' 

TfZ W t « 7" V t C ° mmerdaI SCCt0r (S6e SSCtion 4 ' Nati <™l laborato- 
ries). Industry finds itself divided into two weakly coupled economies - one of 

defense firms the other serving civilian markets. Although most of the large 
prime contractors are subsidiaries of much larger commercial organizations L 
barriers between military and commercial units effectively prevent the sharing of 
technology between them (figure 1 ). S 

Figure 1 

^^^^^ Two cultures: civil and military innovation 
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mtlitorfT' T ? CS manufacturin * econ ^y has two cultures, one 
mihtary, he other civ.han. Government R&D institutions reflect the military 
culture rather than the civil one. The resulting government activities are out of 
touch wtth the fleet-footed, low cost, high quality manufacturing so vital to man- 
ufacturers of commercial products. 



The social contract with science 

Throughout the post-war period, an implicit social contract between scien- 
tists and the government balanced the government's commitment to respect sci- 
ence autonomy with an undertaking by the scientific community that scientific 
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excellence would contribute to national well-being. Society would allow scien- 
tists to administer the competition for funds and to exercise an honest steward- 
ship of those funds, so long as excellence in science was sustained. This social 
contract enjoyed bipartisan support in the United States Congress and was essen- 
tially unchallenged for four decades. Despite the Mansfield Amendment, which 
required the Department of Defense to support academic research only if it was 
clearly relevant to military matters, and despite the program called Research 
Applied to National Needs (RANN) of the National Science Foundation, the 
willingness of the federal government to support basic research was very well 
maintained. 

In short, the American policy after the World War II and its "pipeline" and 
"spinoff images, sought to avoid affronting the businessmen's abhorrence of 
industrial policy and the scientists' abhorrence of centrally planned science, 
while still retaining the benefits of technological stimulation of the economy. 
The political attractiveness of this policy helps to explain its persistence, despite, 
the fact that its assumptions are no longer realistic today. 

Today both the social contract between scientists and government and its 
assumptions are seriously challenged. Although the Congress and the adminis- 
tration have, in the main, resisted demands for the reduction of governmental 
appropriations for scientific research, there are warning signs that the long-pre- 
vailing social contract has ceased to be adequate. Some of the difficulties concern 
the political standing of scientists and their institutions. 

The scientific community no longer enjoys the unqualified respect of politi- 
cal leaders that it had some years ago. In January, 1992, the president-elect of the 
American Association for the Advancement of Science, Professor Leon Leder- 
man, a Nobel laureate in physics, warned that inadequate federal support for 
basic scientific research seriously threatened American science. His cry of 
alarm was regarded by many politicians as a cry of "wolf!". Many of them 
treated Lederman's warning as both self-serving and politically naive, having 
regard to the large demand for domestic welfare expenditures and concerns about 
the insufficient competitiveness of the American economy in the world market. 

The prestige of universities is declining as well. Allegations of scientific 
misconduct in federally supported research, criticisms of the accounting practices 
of the universities in the calculation of overhead costs on government grants for 
research, dissatisfaction with solicitations of funds from foreign corporations by 
academic scientists in return for giving them preferred access to the results of 
governmentally supported research have fostered a cynical attitude towards the 
universities in the United States. 



21 Lederman, Leon M. Science: the end of the frontier? (A report from the presidentelect to the 
Board of Directors of the American Association for the Advancement of Science, Jan. 1991.) 
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The social contract provided that the allocation of federal research funds 
would be made on the basis of the scientific merit of proposals as determined 
by peer review. This is now breaking down. With too many investigators 
competing for too little money, the United States Congress is becoming 
increasingly impatient with the concentration of awards in the most distin- 
guished universities. Ignoring the long-standing affirmation that grants would 
be awarded on the basis of merit, Congressional committees each year divert 
an ever larger percentage of funds for research and development to favored 
applicants, through "riders" on legislative proposals, referred to as "earmark- 
ing". This is the principle of the "pork-barrel", not the principle of merit, and 
the total funding for academic facilities and related expenditures has grown at 
a 30 per cent compounded rate since 1988, reaching an estimated US$1.3 bil- 
lion in FY 1993. 

The situation was depicted by the president's Assistant for Science and 
Technology, Dr. Allan Bromley, who said — only partly in jest — in May, 1991, 
that "It used to be that if you probed someone in the universities about their 
views of Congress, they would often accuse Congress of being a bunch of 
crooks. Now if you probe someone in Congress about the universities, Congress- 
men will frequently claim that the universities are full of crooks". 

A fourth source of pressure on the social contract between scientists and 
government arises from growing recognition that "supply-side" reliance on the 
"pipeline", on "spinoff', and on the decentralized allocation of resources no 
longer meets the economic and social needs of the United States. This has led to 
a call in the Congress for a rethinking of United States science and technology 
policy. Frustrated by the apparent failure of America's world leadership in sci- 
ence to assure the international competitiveness of United States high-technology 
industry, the Congress is turning its attention from academic science to lists of 
critical technologies (see section 4, Critical technologies). It presses the adminis- 
tration to support "pre-competitive, generic" technology which will be of direct 
interest to private industrial firms (see section 4, Criteria for government sup- 
port). 23 In Washington today one hears much more discussion about technology, 
much less of scientific research. The "pipeline" and "spinoff metaphors are fast 
losing their plausibility, as politicians and the executive branch search for a polit- 
ically acceptable, economically effective, more "demand-oriented" approach to 
strengthening the base of American technology. 



22 Bromley, D. Allan. Science and technology policy: an agenda for the future. (George Washington 
University Science and Technology Policy Seminar, May 7, 1991.) 

23 Gaining new ground: technology priorities for America's future. Washington D.C., Council on 
Competitiveness, Mar, 1991. Report of the National Critical Technologies Panel Washington DC, 
U. S. Government Printing Office, Mar. 1991. President's Council on Competitiveness. Achieving 
competitiveness in national critical technologies: policies in support of technology development in 
America. Office of the Vice President, Apr. 1991, 8p. 
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The stability of the relationship between universities and the federal govern- 
ment is now in question. How it is resolved — what the terms of a new social 
contract might be — will be one of the major S&T policy issues evolving in the 
next few years. 

Four sources of change 

Americans now understand that the world has radically changed. But the 
paradigms on which the post-war S&T policy consensus rests are still firmly 
planted in many people's heads, especially in Washington, and the institutions of 
government that will be needed to implement a new consensus have changed 
hardly at all. But three major changes in the United States will require not only a 
rethinking of technology policy, but changes in institutions and new international 
linkages as well: 

(a) recognition that defense priorities will no longer dominate the United States 
federal government's technology policy. Instead defense must face a drastically 
shrunken production and weapons acquisition base, will have to increase the 
fraction of the defense budget devoted to exploratory development and prototyp- 
ing, even as the defense R&D budget decreases. Because the technologies criti- 
cal to the new force structure will increasingly fall into areas in which commer- 
cial industry is ahead of defense industry, especially the information and commu- 
nications technologies, defense agencies will have to gain access to commercial 
technologies. This will require radical change in defense acquisition policies and 
practices; 

(b) recognition that progress in modern, science-based engineering depends 
increasingly on a publicly-provided infrastructure of basic technical knowledge, 
tools, materials, and facilities. Between the realms of basic science and propri- 
etary technology there lies a large domain of public good technology, whose 
value in application is clear but in which firms underinvest because of low appro- 
priability of the benefits. Much of this "infrastructural technology" supports the 
creation and improvement of design and process technologies. Such capabilities 
concurrently support military, commercial, and environmental goals. But reliance 
on "spinoff from mission-oriented government R&D, on generation by hard 
pressed private investors, and on technology-forcing through administrative and 
tort law does not provide the nation with the long term capability to remain both 
a technological and economic leader. In short, we need a publicly supported 
technology base, supporting industry's capability to create technologies for all 
three areas of national-need; 

(c) recognition that economic performance in a competitive world economy rests 
primarily on how well the society uses the existing base of technology, skills, and 
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scientific understanding, and only secondarily, and accumulated over time, on 
annual additions to this stock of capability. It follows, then, that the govern- 
ment's technology policy must give much greater emphasis to the diffusion of 
technical knowledge and skills. The primary elements of a diffusion strategy are: 
aggregating, evaluating, communicating, and absorbing non-proprietary informa- 
tion. The primary mechanisms are through education, mobility of technical per- 
sonnel, and networks (both facilities and institutions) for promoting cooperation 
and sharing. The states, as well as federal agencies, have major responsibilities 
here, especially for industrial extension services. 24 

End of the Cold War 

The revision of defense strategy is driven by a change in requirements and 
the necessity of meeting them with significantly reduced investment. World 
events suggest that the risk of either strategic nuclear confrontation or large-scale 
conventional war with the Soviet Union are rapidly receding. However, the dan- 
ger of regional conflict with unexpected spillovers has not abated. The outbreak 
of old ethnic and nationalistic tensions suggests that this risk may even increase. 
Furthermore the range and destructive potential of weapons increasingly avail- 
able to Third World countries increases the danger of terrorism and regional con- 
flict. New priorities in defense will be called for: 

— Command, control, communications and intelligence (C 3 I) will continue to be 
of the highest importance, both for regional conflict and for arms control compli- 
ance. 

— Mobility of forces, smart weapons for pin-point targets, ability to limit collat- 
eral damage, capability to deal with individual and state terrorism, all seem to be 
priorities. 

These capabilities, particularly those concerning C 3 I and logistics, are 
strongly rooted in "dual use" technology. All of them require a strong base of 
science and of generic "building-block" or enabling technologies. As the 
Defense Department restructures its force structure, a technology strategy should 
be developed to sustain it. This strategy should include explicit provision for: 

(a) a system for establishing military requirements that takes the capabilities of 
commercial as well as defense industry as the starting point, to achieve the most 
cost effective compromise between optimal functionality and minimum cost; 



24 Shapira, Philip. Modernizing manufacturing: new policies to build industrial extension services, 
Washington D.C., Economic Policy Institute, 1990. 
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(b) the development of selected prototypes for field testing since fewer new 
weapon systems will be produced, and higher confidence in their estimated costs 
and functionality is needed before commitment to production; 

(c) expanded fundamental research and exploratory development to broaden the 
inventory of technical knowledge and increase the spectrum of technical choice, 
including more emphasis on process technology essential for minimizing produc- 
tion costs and maximizing quality; 

(d) changes in the defense acquisition system that will encourage commercial 
firms to sell to the military without compromising their proprietary interests and 
will give defense agencies effective access to the best commercial technology. 

Such a policy would serve both defense needs and the needs of the industrial 
sector. It will increase the ability of the civil sector to support future defense 
needs, particularly in design, production and quality — the primary focus of 
competitiveness concerns. It is a policy that makes sense whether or not the civil 
agencies — Commerce, Energy or NSF, for example — are charged with invest- 
ing in the nation's technological comparative advantage. Putting such a policy 
into effect faces very serious political obstacles; few are sanguine that it will be 
successful any time soon. 



Rise of economic competition 

It should come as no surprise that the images of innovation on which United 
States technology policy has been based should be reexamined. The United 
States is in a different world from the one it inherited after World War II. There 
is no reason to believe that policies that worked so well in the fifties and sixties 
will work well today. A multipolar world is emerging in which international eco- 
nomic competitiveness and environmental health are replacing military strength 
as the most urgent objectives of national and worldwide security. 

The economic integration of Europe is expected to take a great stride for- 
ward in 1993. Its integrated market will be both opportunity and a competitive 
challenge for American firms. The emerging countries of Eastern Europe are 
attempting to reorganize their economies to give a central position to the free 
market. In those countries, virtually every aspect of the way in which industrial 
innovations occur, technology is diffused, and producers collaborate and compete 
must be learned and institutions created to support them. The United States 
economy will be challenged to help them succeed, and to make the investments 
that may allow Americans to benefit in the future from the economic success of 
the new States which replace the communist regimes of the USSR and Eastern 
Europe. 
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Many of the economies of nations in Asia, Latin America, and Africa are 
also under stress, and the industrial democracies can no longer ignore their plight. 
There is growing awareness that the world cannot achieve a stable physical envi- 
ronment, or beneficial international trade, unless the needs of the developing 
countries are taken into account. New policies through which the developing 
countries can acquire technologies to support their development in a more envi- 
ronmentally sustainable way will be required. 

At the same time there has been a great shift of economic production to rap- 
idly industrializing nations in South America and Asia, where Japan has joined 
the leaders of the world economy. Forty per cent of the gross national product of 
the entire earth is now produced in the United States and Japan, with the Japanese 
share increasing. 

Economists argue about whether the economy of the United States is suffer- 
ing from long-term structural weakness or whether it is only experiencing the 
transient strain of structural dislocation in a very active world economy. Never- 
theless, the pronounced diminution of the American share of world markets in 
machine tools, semiconductors, telecommunications and office equipment forces 
us to ask: why has the comparative advantage of the American economy declined 
so sharply in these science-intensive industries in spite of American achieve- 
ments in science and technology? 

The short answer is that American firms, and the government of the United 
States, have been much too slow to recognize the power of modern science and 
engineering to transform the way products are designed and produced. They 
have also been slow to take advantage of new forms of industrial organization 
and management through which technology is used to reduce costs, increase 
quality, and accelerate responses to market forces. 

Changes in science, engineering, and innovation 

New ideas are now required in many areas of modern industry. The ideas on 
which we used to draw in thinking about industrial innovation are no longer ade- 
quate. Japan has been a particularly fertile source of these new concepts, many 
of which are expounded by Prof. Fumio Kodama in a book which was awarded 
the Yashino Sakuzo prize in 1991. 25 These new ideas have rendered traditional 
concepts of product development and mass production out of date; they are now 
being adopted on a worldwide scale. 

The new conceptions of industrial innovation focus on the process of pro- 
duction; they do not take research and development as points of departure. They 
must be described by a model of innovation which envisages mutual interactions 



15 Kodama, Fumio! Analyzing Japanese high technologies: the techno-paradigm shift. London, Pinter 
Press, 1991. 
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between design, production, marketing and research, not by a sequential "pipe- 
line" of activities starting with research, ending with marketing. These new 
approaches to innovation have changed the level of performance required for 
being competitive in world markets. Some examples include the use of com- 
puter-integrated manufacturing using "intelligent tools" to break the connection 
between economies of scale in production and the lot size of similar parts. 

Quality is increasingly controlled through the accurate characterization and 
precise control of industrial processes, rather than by testing after production is 
completed. Processes and systems of production (rather than research and prod- 
uct development) are becoming primary elements of the strategy for achieving 
products of low cost and high quality. Incremental improvements in products are 
being made by manufacturing and process engineers rather than by specialists in 
design and in research and development. This is a radical departure from the tra- 
ditional process of sequential development and production. 

Various forms of alliances and relationships of industrial firms are being 
used as alternatives to vertical integration as means of gaining the benefits of 
technological specialization. Technological diversification is being used by 
established firms to guard against competition from enterprises experienced in 
technologies unfamiliar to the particular industry of the established firms. 

"Trickle-up technology" is another Japanese innovation. Japanese electron- 
ics firms introduced new technologies, such as liquid crystal displays and low- 
power CMOS integrated circuits, in wrist watches and other consumer products, 
while most American companies derive new technologies from their most 
sophisticated business products, such as mainframe computers. The American 
approach has the advantage that expensive business products can generate high 
revenues to pay for the development of the technology, and the first implementa- 
tions of it in products can tolerate high initial costs. With experience, these costs 
are reduced and the technology will appear in higher volume, lower cost prod- 
ucts, such as those consumers buy. The Japanese "trickle up" strategy, on the 
other hand, gives the firm much earlier experience with high volume manufactur- 
ing of the technology. By keeping the initial performance requirements modest, 
this early manufacturing learning gives these firms a very low cost production 
capability, which can then be used to enter markets for more expensive business 
products with a substantial cost advantage. These new approaches to industrial 
activity and others like them have many consequences. 

While most of these new approaches emerged in "high-technology" 
industries, we now understand that the right criteria of "high-technology" is 
not complexity of the product or novelty of its function, but is the choice of 
the pattern of production that makes the most intelligent use of materials, 
energy, and human resources. Any business can and should make use of the 
best practices from high technology. Firms using high technology are rapidly 
shifting from primary dependence on capital and labor resources to depen- 
dence on research and development as the primary resource for remaining 
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competitive. In Japanese high-technology firms in 1991, investments in 
research and development exceeded the firm's annual investments of capital in 
production equipment and facilities, a shift made possible by the flexibility of 
computer-integrated manufacturing systems. 



Weakened control by national governments 

National governments will have steadily decreasing ability to unilaterally 
control flows of money, people, technology, and business Alliances across 
national borders. Governments looking for quicker response of their economies 
to opportunities and challenges in world markets will continue to privatize their 
own activities, to look to public-private partnerships for achieving public goals, 
and to international negotiation and collaboration to sustain both economic and 
political relationships. Furthermore, in consequence of the accelerated mobility 
of capital, technology, and individuals, and the steady reduction of barriers to 
trade, national boundaries are rapidly losing their significance as delineating the 
territories within which innovations are generated and applied. One consequence 
of these developments is the diminished capacity of any government to control 
technological movements within and across its own boundaries. It is not feasible 
to establish and maintain for extended periods a monopoly on any technological 
innovation. 



New policy directions 

As the rates of diffusion of innovations accelerate internationally, transna- 
tional firms can more easily initiate production in many geographical locations 
simultaneously. The rates of diffusion of technology within a national economy 
must become even more rapid if firms of that country are to have a competitive 
advantage in the international market. The acceleration of technological diffusion 
must become a major objective of policies for enhancing the economic position 
of the country internationally. Technology also diffuses much more rapidly as 
technical knowledge becomes codified. Knowledge gained from learning 
through experience, on the other hand, is much more difficult to transfer and dif- 
fuses through apprenticeship and collaboration at a much slower rate. 

Where the increase of economic competitiveness of a firm, an industry, or a 
country is the object of policy, it is important that the new approaches to innova- 
tion foster a drastic reduction in time between the detection of potential market 
demand and its satisfaction through production in large quantities, thus enhanc- 
ing satisfaction of consumers and dramatically reducing the cost of product and 
market innovations. Thus the two main arms of policy debate are: 
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— Supply-side policy: under what circumstances and through what mechanisms 
should government make investments in science and technology in support of 
national objectives, especially economic objectives? 

— Demand-side policy: What investments in knowledge infrastructure, in tech- 
nology access, adaptation, and absorption should governments make, and how 
can the infrastructure and technical services be made efficient and responsive? 

3. United States science and technology: data and trends 

United States R&D in relation to GDP; comparative analysis 



Table 1 

National R&D comparisons — 1988 26 
USS billions — OECD purchasing power parities 



Country 


R&D 
spending 


Defense 
R&D 


R&D/GDP 

per cent 


Non-defense 
R&D/GDP 


USA 


133.7 


43.0 


2.7 


1.9 


Japan 


47.0 


0.4 


2.6 


2.6 


FRG 


24.6 


1.1 


2.8 


2.7 


France 


17.5 


3.9 


2.3 


1.8 


UK 


17.0 


3.3 


2.2 


1.8 


Italy 


9.1 


0.6 


1.2 


1.1 


Canada 


6.4 


0.3 


1.4 


1.3 


Netherlands 


4.3 


0.1 


2.3 


2.2 


Sweden 


3.6 


0.4 


2.9 


2.6 


Switzerland 


3.2 


0.1 


2.9 


2.9 


Total non-USA 


132.9. 


10.2 


2.3 


2.1 





26 



From table 4.1, p. 89, in Beyond spinoff, loc.cit. See footnotes to table in the reference for sources 
and interpretation. 
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The United States federal government operates over 750 major research 
institutions and has under contract a great many more. Some 380,000 scientists 
and engineers work in 3 thousand R&D centers, laboratories, experiment sta- 
tions, and related research agencies and bureaus. 27 United States expenditures 
on research and development totaled some US$130 billion in 1987, larger than 
the R&D budgets of Japan, Germany, France, England, Italy and Canada in total. 
Comparing each government's R&D expenditures, the United States government 
spent, in 1987, 60 per cent more than all those other governments combined. 
Yet more than 30 per cent of United States R&D is devoted to defense related 
activity, four times higher than that of the other large R&D spenders in the 
OECD. 

The United States spends approximately the same fraction of gross domestic 
product on R&D as do our main high-tech industrial competitors (Japan and Ger- 
many) (see figure 1). In 1990 this was 2.7 per cent for the United States, 2.6 per 
cent for Japan, and 2.8 per cent for Germany. But the non-defense component of 
this R&D represents only 1.9 per cent of GDP for the United States, and 2.6 and 
2.7 per cent of GDP for Japan and Germany. 29 The difference is 0.7 per cent of 
GDP or US$43 billion — the level of defense R&D spending in 1990. 30 Assum- 
ing that all three countries are equally efficient in using R&D, one is drawn to 
one of two hypotheses: 

(a) United States defense R&D is at least as effective as civil R&D in stimu- 
lating economic performance. If so, it must be possible to find some US$40 
billion in spinoff to private firms from national laboratory research — a con- 
clusion the authors of Beyond spinoff cannot support for the economy as a 
whole; 31 

(b) defense R&D is significantly less effective than civil R&D in promoting eco- 
nomic performance. If so, United States industry competes with a national R&D 
shortfall of US$43 billion. This argument motivates many to conclude that the 



27 U.S. Bureau of Labor Statistics. Monthly Labor Review, Sept. 1987, and Gil, Kay (ed.). Govern- 
ment research directory. Detroit, Gale Research, 1985, quoted in Katz, James E. Mechanisms for pro- 
viding science advice to Congress. (Draft paper for the Carnegie Commission on Science, 
Technology and Government, unpublished, 9/21/90.) 

28 OECD. Main science and technology indicators, 1990-91. Paris, Organization for Economic Coop- 
eration and Development, 1990. p. 16, table 2 and p. 20, table 14. 

29 Alic, J.; Branscomb, L.; Brooks, H.; Carter, A. & Epstein, G. Op. cit. Table 4.1, p. 89. 

30 Ibid. Table 4.1, p. 89. 

31 See Beyond spinoff, chap. 6. Defense R&D is concentrated heavily in aerospace and electronics. In 
some industries, jet engines and communications satellites, for example, defense R&D and procure- 
ment do have a clear stimulating effect on commercial technology. In others, such as computers, the 
technology flows the other way ("spin-on"). 
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United States must find a way to shift the R&D capacity, and the funds that sup- 
port it, from current programs in defense and nuclear weapons labs to private 
industry, or — at minimum — to the government's civilian programs more help- 
ful to industrial competitiveness. 

Such a shift, referred to as "defense conversion" is a daunting political 
task, but it is the argument that motivates much of the Clinton-Gore technol- 
ogy policy. 

Sources and performers of United States R&D investment 

Table 2 shows the sources of R&D funding in the United States and the R&D 
performers who spend it. Note that approximately half the United States R&D 
total of US$145 billion in 1990 comes from government, and half from private 
industry. But much of the government's investment is spent in private industry, so 
industry performs almost three quarters of the R&D in the United States. 

Table 2 

1990 United States R&D funding: sources and performers 32 
US$ billions 



Funding 
sources 


Performer 

Federal 

Labs 


Univ. run 
FFRDC's 


Institution 
Industry 


Universities 


Total 


Per cent 
funded 


United States 
government 


16.1 


4.8 


31.3 


11.8 


64.0 


44.0 


Industry 






72.9 


1.8 


74.7 


51.4 


University 








6.8 


6.8 


4.6 


Total ($B) 


16.1 


4.8 


104.2 


20.4 


145.5 


100 


Per cent 
performed 


11.1 


3.3 


71.6 


14.0 


100 





The universities perform only 14 per cent of national R&D, and a dispropor- 
tionate fraction of the basic research. It is also notable that the federal agencies 
fund only half of the university research; much of the rest is self-funded 
(although much of that comes from state governments to their state-run universi- 
ties). The federal and national (FFRDC) laboratories, taken together outperform 
the universities (US$20.9 billion to US$20.4 billion), with more than twice as 



32 Table 4.2 from Beyond spinoff, loc. cit, p. 92. See footnotes on this table for sources. FFRDCs are 
Federally Funded Research and Development Centers; the largest of them are national laboratories of 



the Department of Energy and Nasa. 



162 



many federal dollars, a situation now drawing criticism in the post-Cold War 
period. Within the FFRDC category are some huge technical enterprises devoted 
to nuclear weapons technology. Three of the Department of Energy's govern- 
ment-owned, contractor operated laboratories, the Los Alamos Scientific Labora- 
tory and the Sandia Laboratory in New Mexico and the Livermore Laboratory in 
California, have combined R&D budgets exceeding US$3 billion in total. With 
the signing of the Start II Treaty, there will be substantial excess capacity in these 
laboratories — the subject of discussion in section 4, Industrial consortia: anti- 
trust. 

Table 3 

Allocation federal R&D spending by subject, 1992 33 



Federal R&D budget function 



US$ millions 



National defense 

Health Research 

Space research and technology 

General science 

Energy 

Natural resources and environment 

Transportation 

Agriculture 

Education, training, employment, social services 

International affairs 

Veterans services 

Commerce and housing credit 

Community and regional development 

Administration of Justice 

Income security 

General government 

Total 



43,247 

9,649 

7,656 

2,962 

2,920 

1,602 

1,380 

1,091 

510 

413 

219 

200 

102 

53 

35 

18 

72,057 



33 Source: National Science Board. Science and engineering indicators, 1991. Washington D.C., U.S. 
Government Printing Office, 1991 (NSB 91-1). Note that these are functional budget categories, inde- 
pendent of the agency receiving the appropriations. Of course most of the defense function is in 
defense, health research in the National Institutes of Health and so forth. 
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Although the budgets of both defense and the Department of Energy 
National Defense Program (nuclear weapons) are in decline, they are very much 
larger, even in their shrunken state, than the R&D budgets of the civilian agen- 
cies. It is important to remember, as one discusses policy alternatives for new 
investments in the commercial technology base, or in knowledge infrastructure, 
that the current budgets for these activities are tiny by comparison to those of tra- 
ditional defense, space, and energy programs (see table 3). It will take a long 
time for the Congress to get sufficient confidence in the new technology policy 
initiatives to bring their funding up to levels at all comparable with more tradi- 
tional federal missions. 



4. Government support for commercial technologies 

Critical technologies 

Targeted investments by governments in specific technologies that might 
have been described politically as "critical" to some dimension of the national 
interest have a long, if sometimes checkered, history. In modern times three cat- 
egories of technology have received the greatest attention: 

(a) those deemed critical to national security; 

(b) those inherent in nationalized or national-champion industries; and 

(c) others not necessarily called "critical" but receiving high political priority as 
public goods (for example: air traffic control) or underpinning national projects 
such as manned exploration of space). 

Beyond these categories of specific technologies "for national missions 
and public goods, most governments have indulged in a broad variety of sub- 
sidies for technologies of general economic interest. In some cases no spe- 
cific technology, or even industry, is designated, as in R&D tax credits. In 
others an industry (computers, aviation, or health industry, for example) is 
selected for promotion on economic grounds, with the identification of spe- 
cific technologies left to a process defined by policy and administrative pro- 
cedures. 

In the National Defense Authorization Act for FY 1989 34 the Congress man- 
dated the Defense Department to provide Congress annually with a Critical Tech- 
nologies Plan focusing on the 20 most critical technologies. The first such report 

34 Public Law 100-456, section 823. 
164 



(listing 22 technologies) was sent to Congress on March 15, 1989. 35 The statute 
defines critical technologies: "the technologies most essential to develop in order 
to ensure the long-term qualitative superiority of United States weapon systems". 
The criteria given in the report for selecting technologies for the list are; 36 

— Technologies that enhance performance of conventional weapons and provide 
new military capabilities. 

— Technologies that improve availability, dependability and affordability of 
weapons systems. 



The 1990 defense Critical Technologies List contained two additional crite- 



ria: 



— Pervasiveness in major weapons systems. 

— Strengthening the industrial base to "reflect explicitly the growing concern for 
spin-off to the industrial base". 37 

As will be seen in the next section, these criteria could apply to the full 
range of defense R&D investments, and fail to provide much constraint on candi- 
date technologies. 

The selection of lists of "critical technologies" as preliminary to formulation 
of industrial policy first came into vogue in the late eighties in the United States. 
Of course most nations have indulged in industrial policy, and insofar as they 
supported commercial technologies on the basis of a set of priorities, those 
selected might be considered more "critical" to national well-being than others. 
The Japanese have for some years engaged in net assessments of industrial tech- 
nologies, a step that surely should be preliminary to the making of critical tech- 
nology lists, and in collaboration with industry leaders have selected technolo- 
gies for targeting. The choice of computer technology for the European Commu- 
nity* first "framework" program (Esprit) can be said to reflect the feeling that an 
indigenous computer industry is essential to European economies. 

In the United States the origin of the critical technologies concept has its 
roots in defense technology policy. This is, perhaps, not surprising in view of the 



35 The Department of Defense Critical Technologies Plan. Washington D.C., The Department of 
Defense, 15 March 1989. 

36 Ibid. p. 5. 

37 Mogee, Mary Ellen. Technology policy and critical technologies: a summary of recent reports. 
Washington DC, The National Academy Press, Dec. 1991. (Discussion Paper n B 3. The Manufactur- 
ing Forum.) 
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evolution of United States technology policy from defense-dominated to com- 
mercially-oriented. This origin in export control terminology will be significant 
when we discuss the meaning of the word "critical", which carries an implication 
that both security and economic interests are involved. This linking of military 
concerns with the desire to support industrial competitiveness suggests the dan- 
ger that protectionist policies might become attached to those technologies 
deemed "critical" and receiving government subsidy. 



Critical technologies as a concept for export control 

On February 27, 1976, the Defense Science Board published a task force 
report, commonly referred to as the Bucy Report after the chairman, Fred Bucy 
of Texas Instruments Co., which recommended a radical reform of export control 
strategy. 38 It proposed that controls should be focused on retarding transfers of 
technology which could significantly enhance the military capability of potential 
adversaries. This strategy was seen as particularly useful when applied to turn- 
key facilities with which both weapons and civilian products could be produced. 
Thus the new policy would address a troublesome area not adequately dealt with 
in the Commerce Department's Controlled Commodities List: dual use technol- 
ogy. 39 Indeed, one benefit to industry was expected to be reduced reliance on the 
Controlled Commodities List. Three years would pass before these recommenda- 
tions were embodied in export control law. 

The Export Administration Act of 1979, 40 as amended in 1985, emphasized 
the control of critical technologies and assigned this responsibility to the Depart- 
ment of Defense. A key step was the creation by the Secretary of Defense of a 
"list of militarily critical technologies", which was published in both classified 
and unclassified form in October 1986. 41 This Militarily Critical Technologies 
List (MCTL) is not intended to serve as a "control list". 

"Rather it provides a detailed and structured technical statement of develop- 
ment, production, and utilization technologies which the Department of Defense 



38 Defense Science Board. Report of the Defense Science Board Task Force on export of U.S. technol- 
ogy. Washington D.C., Office of the Secretary of Defense, Feb. 27, 1976. 

39 Dual use technologies are those applicable to both military and commercial uses. Post-Cold War 
U.S. military strategy is giving increased emphasis to command, control, communications, intelli- 
gence and logistics — all areas in which commercial technologies are strong and defense technology 
investments are dual use. 

* Export Administration Act P.L. 96-72. 

41 The classified MCTL was first published in 1980 and was revised five times by 1986. The first 
unclassified version was published in 1984. See, for example, the second unclassified version: Office 
of the Undersecretary of Defense Acquisition. The militarily critical technologies list. Washington 
D.C., Department of Defense, Oct. 1986. 
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assesses as being crucial to given military capabilities and of significant value to 
potential adversaries." 42 

It covers private as well as government-owned technologies. The statute 
says that primary emphasis shall be given, inter alia, to arrays of design and 
manufacturing know-how, keystone manufacturing, inspection, and test equip- 
ment, and goods accompanied by know-how or which might give insight into 
design and manufacture of a United States military system. Thus the MCTL is 
not a list of critical military material and weapons systems. It is instead a list of 
technological capabilities, which in the hands of the industry in a potentially hos- 
tile State would give that State the capability to erode an advantage the first State 
perceives to be essential. 

If the industrial capability in question has "dual uses", a factory possessing 
that capability can, in principle at least, produce civilian goods and/or weapons 
systems. The Controlled Commodities List did not have this property, for it 
refers to specific single products. A "militarily critical technology" is likely to 
include a family of tools and know-how which only in combination create the 
production capability in question. Increasingly, technologies of military impor- 
tance are driven by huge commercial markets. In the last decade of the Cold War 
both nuclear weapons and their delivery systems were approaching both satura- 
tion and equality on both sides. Determinants of strategic advantage began to 
shift to command, control, communications, and intelligence. These functions all 
derive their primary technologies from the electronics, communications, and 
computer industries, where commercial technology leads the military by substan- 
tial margins. Thus these areas of strategic (and tactical) importance increasingly 
depend on dual use technologies. 

Two consequences flow from this observation: 

(a) the criteria for identifying a "critical" for export control purposes begin to 
resemble those one might apply in a policy designed to enhance commercial 
competitiveness; 

(b) for this reason, and even as they cooperated in the Cocom export control 
regime, some trading partners of the United States became concerned that the 
MCTL might become an instrument of trade protection under the guise of a tool 
for protection collective security. 



Critical technologies reports 

In the United States there have been two major studies leading to lists of 
"critical technologies" by private industry groups, two from government agen- 



42 



Ibid. p. 
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ties (Defense and Commerce) and one mandated by Congress to be prepared by 
the Executive Office of the President. 

In 1987, a private trade group, the Aerospace Industries Association, pub- 
lished a study made by many panels of experts from industry, universities, and 
government laboratories, identifying a number of technologies the industry con- 
sidered "key" to its success. 43 The Association, headed by Donald Fuqua, retired 
chairman of the House Science, Space and Technology Committee, wanted to 
induce the government to recognize that the industry it represents has both com- 
mercial and military value, and that in promoting economic performance the gov- 
ernment should support technology development as well as basic research. 
Although the technologies it analyzed were called "key" rather than "critical", 
the study was a prototype for those the Congress would soon ask for. 

The computer industry was not to be left behind. The Computer Systems 
Policy Project (CSPP) is comprised of the CEO and the CTO from each of 11 . 
United States computer firms. Its 1990 report Perspectives: success factors in 
critical technologies identified 16 critical technologies for the future, and dis- 
cussed the success factors that might guide public technology policy. 44 

Department of Defense Critical Technologies Plan. During the first Reagan 
administration, the Department of Defense began to express its concern about the 
state of the civil economy and its future impact on defense should the decline 
continue. The Defense Science Board, in the study of dependency on foreign 
sources of supply for semiconductors, which later led to government support for 
the Sematech consortium, worried about the impact of lagging United' States 
competitiveness on defense interests. The Undersecretary for Acquisition and 
Logistics, Robert B. Costello, proposed that the Defense Department invest in the 
civil industrial technology base because defense production technology was 
dependent on it. These concerns energized Senator (D-NM) Jeff Bingaman, a 
member of the Senate Armed Services Committee and the Joint Economic Com- 
mittee. He and his staff have authored a series of bills that led not only to the 
requirement for annual reports on defense critical technologies, but the creation 
of the Critical Technologies Institute to support officials in the Executive Office 
of the President and leading technology agencies with analysis to support policy 
making. 

The Technology Administration of the Department of Commerce put out 
their own analysis in 1990, preferring to call its list the "Emerging" technologies 



Aerospace Industries Association. Key technologies for the 1990's: an overview. Washington D.C., 
The Aerospace Industries Association, 1987. 

Computer Systems Policy Project. Perspectives: success factors in critical technologies. Washing- 
ton D.C., Computer Systems Policy Project, 1990. 

Defense Science Board Task Force on Defense Semiconductor Dependency. Washington D.C., 
Department of Defense, Defense Science Board, Feb. 1987. 
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report. Their criterion was the potential of the technology to contribute substan- 
tially to the economy over a ten year period. The criteria included: 

(a) potential market size; 

(b) contributions to productivity or quality improvement; 

(c) driving next generation R&D and spin-off applications. 

The FY 1990 Defense Authorization Act contained an allocation from the 
Defense budget to finance a Critical Technologies Panel to be established by the 
Office of Science and Technology that would report biennially to the Congress on 
technologies critical to meeting national needs (competitiveness, defense, energy 
security, quality of life). Because any study made by OSTP of critical technologies 
might heighten pressure on the administration to move toward what it felt was an 
unacceptable form of "industrial policy", the White House was quite nervous about 
the Panel's work. When the draft report appeared in the spring of 1991, an article 
appeared in the Wall Street Journal entitled White House Tries to Distance Itself 
from Panel Report and implying that the report was indeed a step down the slippery 
slope of industrial policy. The pressure became quite intense; OSTP put out a 
press release disavowing any such intent, and all identification of OSTP or the 
Executive Office of the President with the report was deleted. The President's 
Council on Competitiveness, chaired by 'Vice-president Dan Quayle, put out a Fact 
Sheet on April 25, 1991 that acknowledged the Panel report and noted that technol- 
ogy creation was important but stated that, with certain exceptions, administration 
policy was to leave this task to the private sector. 

The second report in this series, prepared by a new panel under the guidance 
of OSTP, with the help of the new Critical Technologies Institute, was completed 
in December 1992, and is expected to be published before the end of the Bush 
administration on January 21, 1993. 

The private sector Council on Competitiveness 47 in March 1991, pub- 
lished a report entitled Gaining new ground^ 8 which assesses the technologies 



46 Davis, Bob. White House tries to distance itself from Panel report. Wall Street Journal. Apr. 26, 
1991. 

Even Americans are confused by the three bodies with "competitiveness" and "council" in their 
names. The Council on Competitiveness is a non-governmental, not-for-profit group created by John 
Young, chairman of Hewlett Packard Corp. The President's Competitiveness Council was chaired by 
Vice-president Quayle and may not survive the transition from Bush to Clinton. The Competitiveness 
Policy Council, chaired by economist C. Fred Bergsten, is comprised of both government officials 
and industrial and academic experts, and was created by the Congress in the Omnibus Trade and 
Competitiveness Act of 1988. 

48 Loc. cit 
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in nine industrial sectors which, together, represent over US$1 trillion in sales. 
"The sole criterion for choosing the following technologies is their importance 
for the competitiveness of the industrial sectors studied. They identified the. 
strengths and weaknesses of United States firms in the technologies identified, 
and made comparisons with the capabilities of firms in other nations. Finally 
the report recommends government actions in light of its findings. This listing 
of critical technologies has the virtue of less arbitrariness than many of the 
others. It begins with panels of experts examining each of the nine sectors 
without prior assumptions about the value of the sector to government or 
national interest, other than the potential to create wealth and/or employment. 
Their recommendation is a five year implementation of a national program of 
investment in "critical generic" technologies. Its other recommendations deal 
with both diffusion strategy and R&D unlinked to the concept of critical tech- 
nologies. Thus this report does specify what is to be done with the analysis, 
rather than leave the issue open. 



Creation of the Critical Technologies Institute 

As the result of initiatives taken by Senator Bingaman, the Defense Depart- 
ment budget for FY 1991 contained authorization for a Critical Technologies 
Institute (CTI). 50 The CTI was to take responsibility for the biennial critical 
technologies panels established by OSTP, and the funding provided in the first 
year for the CTI was used to this end. However, the institute was not established 
until October of 1 992 because of reluctance of the administration to see it created 
and of the Defense Department to see its funds used for this purpose. A lengthy 
negotiation between the Congress and Richard Darman, director of the Office of 
Management and Budget, resolved the impasse in the following way: The CTI 
would be a Federally Funded Research and Development Center (FFRDC) 
administratively established and serviced by the National Science Foundation, 
but managed by a council chaired by the director of OSTP, with membership 
from three other White House senior staff, together with senior officials from 
S&T agencies listed in the statute, which provide policy direction for the Insti- 
tute. Funds are transferred from Defense to NSF for the purpose. A competition 
for the contract attracted many applicants. The award was made to the Rand Cor- 
poration of Santa Monica, CA, which operates a substantial office in Washington 
D.C. Dr. Stephen Drezner, vice-president for Research of Rand, serves as direc- 
tor of CTT. 



49 Ibid p. 23. 

50 National Defense Authorization Act for fiscal year 1991 (42 U.S.C. 6686). 
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Technologies appearing in the lists 

Mary Ellen Mogee has arrayed a table showing each of the above reports 
and the technologies they included in each of their analyses. 51 The matrix thus 
formed is remarkably dense; all the reports tend to pick the same technologies. 
Most frequently listed are: 

— Materials: materials processing, composites, optoelectronics, microelectron- 
ics. 



— Manufacturing: CIM, robotics, artificial intelligence. 

— Information technologies: high performance computing, displays, signal pro- 
cessing, human factors, networking. 

— Biotechnology: medical applications. 

— Aerospace: propulsion, surface transportation systems. 

The main differences between the different approaches are: the private sec- 
tor reports restricted themselves to their own industries. The defense list contains 
a number of specialized (and surprising to many) weapons systems, such as 
hypervelocity projectiles and rail guns. The National Critical Technologies Panel 
list is broadest, including energy and environmental technologies. All these 
reports focus on the very areas that have attracted the most commercial and gov- 
ernment attention already. This tendency may reflect the desire of industry to see 
government contribute to their core technologies and of government agencies to 
protect their existing programs and budgets. But it did lead this observer to sug- 
gest a contrariant strategy: 

"I have a problem (...) with the temptation to restrict activities to the list of criti- 
cal technologies officially promulgated by OSTP. I do appreciate the need to pro- 
vide priorities for investment, but I strongly prefer a process for priority making 
that is flexible enough to identify new and exciting opportunities that might not 
be on someone's list." 52 



J1 Mogee, M. E. Op. cit. pp. lifi-7. 

* Branscomb. L. M. Testimony at hearing on H.R. 5231: the National Competitiveness Act of 1992, 
before the Subcommittee on Technology and Competitiveness, Committee on Science, Space, and 
Technology, U.S. House of Representatives, June 3, 1 992. 
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Authors at the Rand Corporation are preparing a study 53 for the OSTP Criti- 
cal Technologies Panel on foreign targeting of technologies. They also observe 
that countries targeting technologies select essentially the same list that appears 
in the United States critical technology studies. 

Criteria for "critical technologies lists" 

The world "critical" carries little meaning to support policy; it clearly 
implies high value, and implies that important strategic objectives may be 
unobtainable in its absence. Thus the loss of advantage in a "critical technol- 
ogy" might be thought a serious blow to the plans of its possessor. But criti- 
cality is clearly context specific. Insulin is critical to a diabetic, but to no one 
else. The patent on the use of selenium as a photoconductor was critical to 
Xerox, until the day the 17 year patent ran out, but selenium would not be a 
critical material in the Defense Department's inventory of critical materials. A 
lithography system capable of patterning 0.35 micron circuit elements on a sil- 
icon wafer will be a critical technology to a microchip manufacturer, and 
probably to the nation whose industry enjoys strength as a microelectronics 
producer, but not to equally strong economies that are content to buy their 
chips from others. 

Thus an economist might try to calculate the economic return from a technol- 
ogy, and identify as critical the civilian technologies of greatest economic impor- 
tance. A scientist will consider critical those tools without which his science cannot, 
be explored. An historian might consider critical a technology whose introduction 
hadjhe most profound effect in shaping the mores and institutions of society. 

Corporations have diverse approaches to attaching strategic priorities to 
technologies. We can divide industries into two groups: those most sensitive 
to monopolies based on legally protected intellectual property, such as phar- 
maceuticals and software, and those with broad ranges of technical choice. 
The former group will,. quite obviously, consider as "critical" those patents or 
copyrights that preserve the opportunity to set prices on product value rather 
than on cost. The latter group of companies will view "criticality" in terms of 
its business strategy. If the firm characterizes its business as defined by its 
core technologies, the method of selection of those technologies will define 
"criticality". The NEC corporation, for example, has a planning methodology 
which selects from among its available technology futures the smallest num- 
ber that support access to the broadest range of possible markets. A "market 
defined" firm in the same industry, however, will select as critical to its future 
those technologies that, through diversification, best protect its markets from 



53 Unpublished at this writing. 
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attack by firms from outside the industry. 54 The selection each makes may be 
quite different. 

A military organization will consider critical those technologies not yet 
available to potential adversaries that provide the largest qualitative superiority to 
its forces, independent of cost. Because such advantages are transient, special 
importance will be attached to any critical set of tools, materials, or process 
equipment without which a weapons system providing qualitative advantage can- 
not be produced. Thus, economic return may be of minor interest. An example 
would be the United States claim that the sale of highly specialized Toshiba 
machine tools through a Norwegian intermediary to the Soviet Union enabled the 
USSR to substantially erode a qualitative advantage in quietness of the United 
States submarine fleet. 

A government, concerned primarily about sustaining the competitiveness of 
its commercial industry and contemplating initiatives in technology policy, will 
have yet another set of criteria for defining a "critical technology". These criteria 
might be based on four sets of criteria: value, opportunities for advantage, opportu- 
nities for government influence, and appropriateness for government promotion. 

1. Value of a technology. What opportunities for job and wealth creation in 
domestically located industry are inherent in the technology? What is the breadth 
of leverage of a technology? 

2. The opportunities for differential advantage. Is there enough technical chal- 
lenge in the technology, or enough opportunity for intellectual property protec- 
tion, to provide first mover advantage to the successful innovator? 

3. The opportunity for a government to influence progress. Would actions by 
government, such as investing in R&D, targeting procurement, setting standards 
or providing financial incentives, have the power to influence the rate of com- 
mercial progress? 

4. The appropriateness of federal action. If the answers to questions 1, 2, and 3 
are affirmative, there remains the question whether such government action is 
appropriate, under economic theory for a competitive market economy and under 
fairness principles in a democracy. The key issues are likely to be: 

— Does the technology, at its current stage of development, exhibit sufficiently 
low appropriability that private investment will be insufficient to advance it at a 
satisfactory rate? 



54 Branscomb, L. & Kodama, F. Managing innovation and setting technology strategy in the Japa- 
nese electronics and energy industry: some insights for further exploration (to be published 1993). 
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— Docs the technology have a high enough rate of social return to justify the 
public investment, either through economic return to the economy or through 
provision of public goods? 

In none of the eight United States studies that have led to lists of critical 
technologies have such a set of criteria been used in any formal sense. Thus one 
cannot draw the conclusion that having drawn such a list, it follows that govern- 
ment should invest in the technologies on the list. Nor does existence of such a 
list suggest what actions government would be justified in taking. 

In one sense the adjective "critical" is a qualifier on the government role in 
direct support of the civil technology base, admittedly an imprecise and ambigu- 
ous qualifier. Whatever attributes are associated with the term, they tend to con- 
vey a sense of priority. A list of critical technologies fails to convey any distinc- 
tion, however, between the role of government and that of the commercial or 
education sectors, or the states. 

"Critical" does not define appropriateness of a government investment in 
private sector R&D. Appropriateness has two attributes: (a) the fairness of the 
process of selecting private organization to benefit from public funds; and (b) the 
avoidance of substituting public for private funds, i.e. investing in public goods. 
Fairness is a matter of process; restricting government support to public goods 
rests on economic criteria. These criteria stress low appropriability to the firm in 
the presence of high social return. 

Criteria for government support 

"Precompetitive", "generic", "strategic", "enabling", "pathbreaking", and 
"infrastructural" technologies 

In the search for simple concepts that capture appropriateness and fairness, 
the Congress and the administration have used terms such as "precompetitive" 
(to suggest non-distortion of the market), "generic" (to suggest ubiquitous util- 
ity), "enabling" and "infrastructural" (to imply indirect contributions to produc- 
tivity and to the innovation process). 

Generic technology is defined by the Department of Commerce as: 

"... a concept, component, or process, or the further investigation of scientific 
phenomena, that has the potential to be applied to a broad range of products or 
processes." 55 (Thus generic technology is at the applied end of a spectrum of use- 



ss Title 15 of the Code of Federal Regulations, section 295.2 (b), under 1 5 U.S.C. 27 1 et seq. and sec- 
tion 5 13 1 of the Omnibus Trade and Competitiveness Act of 1988 (P.L. 100-418). 
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ful, but generally non-proprietary knowledge that begins with basic research but 
extends to tools, methods, materials, and basic processes.) 

Precompetitive technology is defined the Department of Commerce as: 

"... research and development activities up to the stage where technical uncertain- 
ties are sufficiently reduced to permit preliminary assessment of commercial 
potential and prior to development of application-specific commercial proto- 
types." 56 (There is an implicit assumption that when consortia of competing 
firms are eager to collaborate in a government project, while fully aware of anti- 
trust limitations, the project is precompetitive.) 

Thus, as noted above, the Advanced Technology Program is restricted to 
"precompetitive generic" technology. Two other categories of public good tech- 
nology are recognized. 

Pathbreaking technology is defined by the authors of Beyond spinoff as: 

"High-risk technologies with long delayed (if ever) payoff, but the potential to 
create new markets and even new industries." 57 Because such projects are close 
to the frontiers of basic science and are often glamorous, they are popular with 
government agencies. They are also close in spirit to Cold War technology pol- 
icy traditions, and exploit the linear, or pipe line model of innovation. The best 
current example of government support for a pathbreaking technology is biotech- 
nology, with much of the stimulation for the new industry coming from biomedi- 
cal research at the National Institutes of Health. A second example, much less 
likely to be equally successful, is high temperature superconductivity. 

Infrastructural technology is similar in concept to generic technology in its 
focus on tools and techniques, but also includes technology to support services 
that comprise the information infrastructure. 58 As noted in the next section, one 
of the limitations of the focus on critical technologies is its failure to suggest the 
importance of technology diffusion. Infrastructural technology is best character- 
ized by the work the Nist (formerly National Bureau of Standards) and the 
National Advisory Committee for Aeronautics (now part of Nasa) have done for 
industry over many decades: developing tools, instruments, and test methods, 



56 Ibid. Section 295.2 (g). 

57 Alic, John; Branscomb, Lewis M.; Brooks, Harvey; Carter, Ashton & Epstein, Gerald. Op. cit. 

58 Branscomb, L. M. Information infrastructure: a public policy perspective. In: Kahin, Brian (ed.). 
Building information infrastructure: issues in the development of the national research and education 
network. New York, McGraw-Hill, Dec. 1991. 
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characterizing materials and processes, and evading and disseminating techni- 
cal information. 

sSed^hnology. This label is context dependent. Firms use "strategic 
techno^' to'X JL core competence of the firm. In that sense , the notion 
oTcSy comes into play. The National ^.^Z^^to 
ing its taxonomy for ^^^^J^S^^ 

ZXe "Seg^echnology" to imply a government industrial strategy n 
?f,l Ses an industry under severe competitive pressure might be considered 
SSTteZS?^ or welfare, justifying a government investment 
■ ^Strv snecific technology. The authors warn that this policy comes closest 
I SS^SSSS oHndustrial policy to which most Americans objec, 
m way tne Sernatech investment was presented to government in the beginnmg 
m much of this flavor, for the justification for a governmen -estm^y 
Darpa) of US$100 million a year rested largely on a Defense Science *oam 
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Se sectL 4 Industrial consortia: antitrust). A current evaluate of what 
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Sis m^ primarily at industry-wide technical standards for mcorporatrng 
nr P roduction tooling into an advanced semiconductor manufactunng hne. 

The Commerce Advanced Technology Program (ATP). 

The Advanced Technology Program, managed by the National ^nstitute for 
St andards and Technology (Nist) in the United States Department of Commerce, 
S^c^todftSig to commercial firms, or consortia of firms, m top- 
S^oSS^evi technology. The budget request for tins program 
?PY iq c£?s US$69 million. As currently administered the program does not 
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fust two years ago. Instead the program is open to unsohcited proposals Kom 
IZ\ for work in what the Commerce Department calls "h,gh-nsk, high-return 



Technology Administration, U.S. Department of Commerce. Str^c *» Washington D.C.. 
Nov. 1991, p. 25. 
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and commitment of the proposing firm(s). Thus the selection process serves 
up projects that do not a priori follow any list of predetermined critical tech- 
nologies. 



The SBIR program 

In 1982 the Congress passed a statute at the urging of the small business 
lobby called the Small Business Innovative Research Grants Program. 60 The 
statute requires all federal agencies funding research on contracts or grants to 
invest no less than 1.25 per cent of this activity in qualifying small businesses. A 
small business is defined as a firm with less than 500 employees, although most 
such firms have less than 25 employees. There are no criteria for the kind of 
work these firms are to be asked to do other than the agency's mission; the 
assumption is that small businesses can contribute effectively at least to the 
extent of 1.25 per cent to whatever R&D the agency is conducting. In 1989, the 
last year for which data are available, some US$432 million were spent in SBIR, 
for a cumulative total of US$1.8 billion. Initially the SBIR program was strenu- 
ously resisted by the agencies, which saw it as yet another example of "pork bar- 
rel" legislation and a constraint on their autonomy. However, it has proved as 
politically attractive to the agencies as to the Congress, and objections have 
faded. The program is designed so that the initial contract or grant is quite small: 
about US$50,000. But if the R&D project is successful, a second grant of five 
times as much can be made to facilitate commercialization of the new technol- 
ogy- 

SBIR is one of the few programs in which federal funds are made available 
to private firms and may be used to support the development of a commercial 
product. The justification for this market intervention by government is based 
primarily on the assumption that the development in question was required to ful- 
fill an agency mission. In the case of the Department of Defense, the product 
might be something the Department wishes to purchase for the military services. 
But this justification does not apply to the NSF; there the justification is simply 
political. The NIH is a special case however; its grants can contribute directly to 
the creation of new biotechnology ventures. 

During the presidential campaign Governor Clinton stated his intention to 
double the size of the SBIR program, raising the minimum percentage to 2.5 per 
cent. SBIR grants can also work synergistically with Cooperative Research and 
Development Agreements (Cradas), as small firms receive support for research 
while collaborating with a national laboratory under a Crada arrangement. 



60 Small Business Innovation Development Act of 1982, Public Law 97-219. 
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Institutional choices 

Once policy criteria for investments in civilian R&D are defined, the institu- 
tions to perform the R&D must be selected and the mechanisms for selected and 
funding them chosen. Two sets of institutional choices must be made: 

— What civilian agency (new or existing) will be given responsibility for manag- 
ing the civilian industrial R&D programs? 

— What institutions will be relied on for the performance of the civilian R&D — 
firms, or groups of firms; national laboratories; universities; or combinations of 
them? 

First, let us consider the choice of federal agency. 



A new civilian technology agency? 

On November 21, 1989, Senator John Glenn, chairman of the Senate Govern- 
mental Affairs Committee, introduced the 'Trade and Technology Promotion Act of 
1989" (Senate 1978). The purpose of this bill was to create in the Department of 
Commerce an "Advanced Civilian Technology Agency", to support technologies for 
commercial industry by analogy to the Defense Department's Advanced Research 
Projects Agency (Darpa). 61 Acta proposed to create a revolving fund to support cost- 
shared public-private partnerships. This proposal, which was not enacted, is one of 
many that seek to enlist Darpa in the government's competitiveness strategy or clone 
it in a civilian agency such as Commerce. A number of proposals have been made to 
create a "civilian Darpa" or "Carpa". Another proposal, from the Carnegie Commis- 
sion on Science, Technology and Government, suggested that emphasis be given to 
the dual use technology mission of Darpa, changing its name to National Advanced 
Research Projects Agency (Narpa) 62 in recognition of its dual use activities and new 
authority to combine efforts with civilian agencies investing in the same technolo- 
gies In the FY 1993 defense appropriation, Senator Bingaman found a more accept- 
able name: reversion to the agency's original name Arpa. A strong case for charter- 
ing Arpa with an explicit dual use technology development mission is made by Jeft 
Bingaman and Bobby R. Inman. 



«' Managing critical technologies: what should the federal role be? Washington D.C., The Confer- 
ence Board Research Report n° 943, Dec. 14, 1989, p. 4. 

« Technology and economic performance. New York, Carnegie Commission on Science and Tech- 
nology, 1991. 

« Bingaman. leff & Inman, Bobby R. Broadening horizons for Defense R&D. Issues m Science and 
Technology, 9 (l):80-5. Fall 1992. 
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This fascination with Darpa as a model for an agency to make investments 
in the civil industrial technology base has three roots. 

— Darpa enjoys an R&D budget of about US$1.5 billion, 30 times the size of 
Commerce's Advanced Technology Program. 

— Darpa has a small, technically expert staff, with a reputation for low overhead 
and quick decisions. 65 (Contracting is largely through acquisition offices in the 
military services.) 

— Darpa's role is investment in technologies of military potential far in advance 
of established service requirements; it enjoys a high degree of latitude in deciding 
what these technologies will be. 66 

Of course, there is no reason to believe that calling a new civil agency Acta 
or Carpa would earn it a US$1. 5 billion budget, or that managers of a civilian 
agency could ever enjoy the freedom of action of Darpa's managers, who are 
cloaked in the autonomy that national security uniquely imparts*. Indeed, there 
are many skeptics about the appropriateness of the concept of a "civil Darpa". 
One view is to question whether a government agency can do a better job than a 
sector-specific venture capital or mutual firm at making technology investments 
in a commercial market. 

Another attempt to invent a civilian technology agency free from political 
interference has been proposed by a report of the National Research Council. 
The Research Council's Panel on the Government Role in Civilian Technology 
recommends that a Civilian Technology Corporation (CTC) be chartered by the 
Congress and governed by a board appointed by the president and confirmed by 
the Senate. It would receive a one time appropriation of USS5 billion in public 
funds, and would have the authority to make venture capital investments as well 
as R&D grants and contracts. This "arm's length" relationship to government 



64 In FY 1992 Darpa's budget of US$1,586.3 million was comprised as follows: Research, US$115.8 
million; exploratory development, US$744.4 million; advanced technology development, US$657.6 
million; and management and support, US$68.5 million. 

65 FY 1992 personnel: 142 civilians, 25 military, 16 IPAs, total of 183. But 2/3 of Darpa's expendi- 
tures are contracted by service and other agencies for Darpa, which minimizes Darpa's administrative 
burden. 

66 However, the strongest complaint about Darpa's effectiveness is its success at winning adoption of 
the technologies it promotes into the weapons systems of the three military services. 

67 Donohue, George; Buenneke, Jr., Richard H. & Walker, Wayne G. Why not a civil Darpa? Rand 
Issue Paper, 1 (1), Nov. 1992. 

68 Committee on Science Engineering and Public Policy. The government role in civilian technology: 
building a new alliance. Washington D.C., The National Academy Press,' Apr. 1992. 
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would, advocates say, increase the likelihood that bold and non-pohucal cho ces 
of technology investments would be made. Critics port to the W£«g* 
the board of directors of the CTC. not the president, would appoint the CEO 
They recall the reason President Truman vetoed the original bdl to create die 
NSF (then called National Research Foundation). President Truman insisted that 
if public funds were to be expended, the CEO must be accountable to him, just as 
the president was accountable to the Congress and the people for the use of tiw 
tax monies. He had his way in the present form of the National Science Founda- 
tion. 

Industrial consortia: antitrust 

Interest in encouragement of industrial alliances and consortia has grown 
rapidly since 1980 under the following influences: 

- If government gives R&D subsidies directly to industrial Firms, there immedi- 
ately arises an issue of "fairness". If the benefits flow to a consortium of firms 
Ss open to all who qualify, 69 instead of to a single selected firm, die gove^ 
ment is much less likely to be criticized for interfering unfairly in market compe- 
tition. 

_ In the face of strong foreign competition, firms are increasingly looking to 
industry-wide (horizontal) consortia to sustain essential elements of the infra- 
structure and the sources of technical knowledge on which they depend. 

_ United States firms, observing the strength of the Japanese kieretsu are 
increasingly aware of the power of strong vendor-manufacturer relationships, 
and are looking to vertical alliances in preference to being vertically integrated. 

_ Since the advent of the Reagan administration in 1980, antitrust enforcement 
has been moderated and the Justice Department is increasingly willing ; to evalu- 
ate industry concentration in the world market, rather than the domestic market 
only. 

This trend began with the formation of the Microelectronics and Computer 
Technology Corporation (MCC), which was not initially seeking a federal sub- 



* A politically troublesome issue concerns the treatment of ^^ ™^£^cfirf 
call v the wholly-owned U.S. subsidiaries of foreign multinationals. They are s ? m f mes J^'f ° 
from govemmentlsisted consortia, but pressures are increasing tobase die c "^f£Tu S 
nTonownership, but on constructive contributions to the > U.S. ^ M - te ££ 
nationals in management positions, etc.). See Reich, .Robert, wno s us. narvam i>w,„k 
Jan. 1990. 



180 



sidy but did lobby for passage of the Cooperative Research Act of 1984. 70 For 
qualifying R&D consortia registering with the Department of Justice, this statute 
eliminates the threat of treble damages in federal antitrust actions. Today, MCC 
is focusing much of its attention on enterprise integration through computer net- 
works and other elements of infrastructure for the more than 80 participating 
firms. 

In 1987 a group of 14 semiconductor manufacturers organized the Semicon- 
ductor Manufacturing Technology Corporation (Sematch), to improve semicon- 
ductor manufacturing. The primary concern of the consortium was the inability 
of the small and undercapitalized manufacturers of production tooling to keep up 
with the fast pace of miniaturization of microelectronic circuits, increases in 
wafer size, and escalating requirements for low defect rates. At the same time 
this consortium was being organized the Department of Defense, concerned 
about the rapid loss of market share to Japanese semiconductor producers, made 
a study of the consequences to the United States military position if it became 
excessively dependent on foreign sources of supply for semiconductors. Not- 
ing that semiconductors are a prime example of a dual use technology, the DSB 
report recommended DoD support of an effort to ensure the survival of a viable 
United States industry. In FY 1988 the Department of Defense, through the 
Defense Advanced Research Agency (Darpa) began matching the private indus- 
try investment in Sematech with annual support of US$100 million. Sematech 
has enjoyed some success in its efforts; in late 1992 the United States share of the 
world merchant semiconductor output reversed its downward trend and rose to be 
marginally higher than the Japanese share. The government investment in 
Sematech is, perhaps, the closest example in United States experience to a "stra- 
tegic technology" investment, as described in section 4, Criteria for government 
support. 

The Commerce Department's Advanced Technology Program, described in 
section 4, ATP, is open to unsolicited proposals from single firms or groups of 
firms. All of the projects require at least equal cost sharing by the industry. As a 
practical matter all ATP contracts with single firms are with small to medium 
sized businesses, and the program clearly prefers multiple company participation 
especially when one or more large firms are involved. 

There are now a growing number of examples of technology-specific 
projects in which a government agency collaborates with several industrial 
firms in a project of national interest. After the discovery of high tempera- 
ture superconductivity, the Office of Science and Technology Policy encour- 
aged several agencies to initiate consortia of firms, universities and national 



70 Public Law 98-462, 15 U.S.C. 4301-4305. 

71 Department of Defense. Defense semiconductor dependency: a report of the Defense Science 
Board. Washington D.C., DoD, Office of the Under Secretary for Acquisition, Feb. 1987. 
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national laboratory partners. The Department of Energy supports a technol- 
ogy effort in cooperation with the "big three" United States auto makers and 
a number of other firms to develop batteries for electric vehicles. A third 
example is the National Center for Manufacturing Sciences in Michigan, 
which with 130 members develops and deploys technologies for world-class 
manufacturing. 

From a technology policy perspective, federal support for consortia are a 
way of encouraging technology diffusion concurrently with technology gen- 
eration, and is thus a hybrid supply and demand-side approach. However, 
each of the examples of government participation, ATP excepted, have been 
M hoc initiatives, usually from the private sector. Each may be a legitimate 
experiment in technology policy, and more likely to be successful because of 
t!ie industry commitments to success. But Guston's warning that the distinc- 
tion between such projects and Congressional "earmarking' of funds for 
favorite constituents in home districts may become thinner should be 
heeded. 72 

National laboratories: future missions 

As the incoming administration addresses the way the government's R&D 
resources are allocated, it will have to review the complex of over 700 federally 
supported research and development laboratories. 



Table 4 

Federal obligations for R&D by performer, FY 1992 (est) 
US$ millions 



Total Intramural Industries Universities FFRDC Other 



70,427 



17,645 



31,929 



10,475 



7,216 



3,160 



Total: all 
agencies 

i National Science Foundation. Federal funds for researched to$^&$^ ^ 
1991. and 1992. Washington D.C., National Science Foundation, 1992. v. XL, JNW vz m, p. at. 

Of last year's (FY 1992) expenditures of US$70.4 billion spent on R&D, 
some US$24.86 billion - a third of the total — are spent in laboratories funded 
in their entirety by federal agencies (i.e. the federal intramural laboratories and 
the captive contract labs, the FFRDCs). 



" "Earmarking" - a form of "pork barrel" politics committing federal funds for R&D or research 
facSwiZt the project suasion to agency processes - was discussed in sectwn 2. InsUtucto- 
nal choices. 
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Diversity is the hallmark of scientific or engineering laboratories. An 
attempt to classify both public and private laboratories by their environmental 
influences has been made in an extensive set of surveys of over 1,300 laborato- 
ries made in the National Comparative R&D Laboratory Project (NCRDP). 73 

The largest federally-financed research and development laboratories — not 
associated with profit-seeking defense contractors — with the most diversified 
technical capabilities are called "national laboratories". 74 While the definition is 
rather imprecise, the "national laboratories" label brings most often to mind labo- 
ratories associated with DoE, Nasa, NIH, and Nist and NRL. In this list there are 
two different forms of institutions: 



(a) contractor-operated laboratories like those of the DoE, most of which are gov- 
ernment owned (Goco), and other laboratories owned by not-for-profit compa- 
nies (such as Mitre and Aerospace Corp.). 75 Among the contractors are industrial 
firms, universities, and consortia of universities; 



(b) government-owned, government operated (Gogo) laboratories like Nist, 
NRL, Nasa, and NIH, in which the staffs are predominantly or at least substan- 
tially comprised of government employees. 

This second group exhibits many variations. The Nasa enabling statutes pro- 
vide some special flexibilities in their personnel policies, relative to the majority 
' of government civil service positions. This is true to a lesser degree at Nist as 
well. Furthermore, most Nasa centers have a core staff of government employ- 
ees, whose number has been shrinking, surrounded by a large and growing staff 
of contractor support people. NIH also enjoys special legislation for their scien- 
tific staffs, over and above the unique nature of the Public Health Service on 
which NIH is based. The Nasa laboratories are also of two types: the space mis- 



73 Michael Crow and Barry Bozeman have carried out the NCRDP program since 1984. The taxon- 
omy presented here is from Crow & Bozeman. R&D laboratories in the USA: structure capacity and 
context. Science and Public Policy, 18 (3): 165-79, Jun. 1991. 

7A It is, perhaps, surprising how difficult it is to create an unambiguous definition that isolates 
"national laboratories" from other federally funded technological institutions, even though most peo- 
ple will give the same list when asked to name them. For example, many are included in the list of 
FFRDCs (Federally Funded Research and Development Centers), but many FFRDCs are embedded 
in other not-for-profit technically staffed institutions, which are not themselves FFRDCs. Further- 
more, some national laboratories, such as NIST and NIH, are directly operated by federal agencies 
and staffed with civil servants; others are contract operations managed by universities or by profit- 
seeking defense contractors. 

75 The DoE laboratories are of two types: the weapons labs: Livermore, Los Alamos, Sandia, and the 
multifunctional research laboratories'. Fermilab, SLAC, the Berkeley Radiation Lab, Argonne, 
Brookhaven, and Oak Ridge. 
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sion laboratories: Goddard, Huntsville, Marshall, and Cape Canaveral; and the 
aeronautical laboratories: Langley, Ames and Lewis. 

A special kind of federally supported research laboratory is the Federally 
Funded Research and Development Center (FFRDC). These are not-for-profit 
contractor-operated research groups serving a single agency's mission in support 
of that agency's decision making. Some FFRDCs are embedded inside other 
institutions. There are three serving different clients inside Mitre (FAA, Army, 
and Airforce), 76 several inside the Rand corporation. The FFRDCs come closest 
to'carrying out functions akin to that conducted by government officials: aimed at 
decision support rather than the creation of technologies and artifacts. 

Another kind of national laboratory is the scientific facility, where the 
cost of a leading edge facility is such that sharing among all researchers is 
necessary. These include optical and radio astronomy observatories, particle 
accelerators for high energy physics, fusion energy research facilities, oceano- 
graphic ships and their support facilities, climate and weather research facili-- 
ties, and so forth. These kinds of facilities must be continued and kept up to 
date, and from time to time new ones established, if the United States is to 
maintain a leadership position in the observational and many of the engineer- 
ing sciences. While their capital costs are sometimes very large (SSC is an 
extreme case), their operating costs are usually modest in comparison. In the 
discussion that follows I will focus attention on the DoE nuclear weapons lab- 
oratories. It is the combination of their huge costs and a mission of diminish- 
ing scale that creates a policy problem. 

Concerns about the federally funded R&D laboratories have a long history, 
quite a apart from the current sea-change in federal technology policy. The most 
recent study at the level of the Executive Office of the President was carried out 
in 1983 by the Federal Review Panel, chaired by David Packard, for the White 
House Science Council. 77 Appendix C of their study lists a selection of 39 prior 
studies. Virtually every review of the federal and national laboratory system con- 
cluded that most of the laboratories are substantially (and in some cases purpose- 
fully) isolated from commercial industry. Second, industry experts testify to the 
great difficulty and risk of commercializing new scientific ideas. Even within a 
single company, such as IBM or GE, moving new technology from corporate 
research to any of the firm's product development and production divisions 
requires the full time attention of very experienced managers. Even then success 
is very chancy. 



76 At an earlier time all of Mitre would have been considered an Airforce FFRDC. It grew by adding 
contract wor k for other military and civil agencies, and some of that work became converted into the 
FFRDC form. 

77 Packard, David. Report of the White House Science Council: Federal Laboratory Review Panel. 
Washington D.C, Office of Science and Technology Policy, Executive Office of the President, May 
1983. 
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Suitability of national laboratories for economic mission 

To what extent are the financial and human resources devoted to these labo- 
ratories appropriate for the new situation? Are their missions, their organiza- 
bonal forms and locations, and their relationship to other technical institutions 
both public and private appropriate? The incoming administration will address 
its choices in technology policy with several constraints posed by this spectrum 
of laboratories, some imposed by circumstances, others by policy choice: 

(a) because of the deficit, new and additional R&D resources will be scarce- 
resource allocation strategies will involve reprogramming and seeking greater 
leverage from current funding. Federal directly operated and "national" faborato- 
nes receive, in the aggregate, about 28 per cent of the federal R&D budget; 78 

(b) federal policy for enhancing economic performance through R&D investment 
focuses on private industry as the primary source of innovations and the benefi- 
ciary of federal civilian technology programs. Technology policy will be an 
enabling policy, emphasizing public investments to enhance economic perfor- 
mance through knowledge creation, education and training, and technology dif- 
fusion to and within the private sector; 

(c) given the pressure on defense resources, the strategy will have as a long term 
goal building a common industrial technology base for both commercial markets 
and governmental (military and other) missions. The focus for this objective will 

'^ '"J™*** National laboratories develop technology applicable in 
both civ 1 and defense sectors, although the largest laboratories (the DoE weap- 
ons labs) serve defense-related missions. 

Because of (a) it is important to address the current allocation of federal 

TT?5n r 8 S K U ,r eS ' , thC CU,Tent annUal ex P end *«res of US$5 billion, some 
US$20.8 billion - almost 30 per cent of the total - are spent in laboratories 
funded in their entirety by federal agencies. 

There are strong political pressures to retain the rates of expenditures in the 
national laboratories, despite their fading missions, by authorizing the laborato- 
ries to invest in civilian technologies in collaboration with private firms The 
Senate passed a bill in the summer of 1992, The Department of Energy Labora- 
tory Partnersrnp Act of 1992 (S-2566), which would authorize just that. The 
Bush administration has strongly encouraged the formation of Cooperative 
Research and Development Agreements (Cradas), authorized in the 1986 Steven- 



to SlySed laStoS "* ^ R& ° "***»" * ^^S S 75 bilUon are devoted 
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son-Wydler amendments). The Clinton-Gore technology policy statement pro- 
poses that 10 to 20 per cent of DoE laboratory budgets should be devoted to 
cooperative R&D with commercial firms. Thus, despite the laboratories'relative 
isolation from commercial innovation, those interested in preserving laboratory 
budgets and those eager to demonstrate quickly a means for linking federal R&D 
to commercial firms share a common interest in this policy direction. Opposed to 
them are those who see the US$20.8 billion spent in government laboratories as 
exacting a major opportunity cost inhibiting new initiatives targeted at the civil- 
ian industrial technology base. 

Alternative policy solutions 

Given the size of the labs and the scale of their resources, it is very unlikely 
that any one policy solution to either re-missioning or downsizing will prove ade- 
quate or appropriate. Thus the following alternatives are likely to be used in 
combination: 

Muddle along: make the Stevenson-Wydler Act approach work in context of the 
labs as they are. While politically the easiest alternative, this approach is not 
regarded as likely to be sufficiently productive to justify the continued cost of the 
laboratories. 

Triage: shrink the labs dramatically, using a political mechanism akin to the Mil- 
itary Base Closing Commission, and release the excess resources of money and 
people to the market. While politically unrealistic, this is the course economists 
would advocate. 

Expand work scope: find new federal missions for the labs within the agency leg- 
islative mandate. (Energy; automotive; environmental.) Dedicating the laborato- 
ries to such expanded efforts leaves unsolved the partnership with industry 
required to ensure they meet economic and market realities. 

Privatize: change the enabling statutes to authorize the labs to perform "R&D for 
hire" and reduce their federal support as industry funding rises; alternatively try 
to sell portions of the labs, with their people and facilities, to industry consortia. 
Britain tried this after the Rothschild White Paper, and many other countries with 
large laboratories (such as Australia) have tried too. The transaction costs to the 
firms are simply too high to use such labs profitably. 

Legislate a new mission in civilian technology: charter the labs to respond to 
industry initiatives and to pursue development of industrially relevant technol- 
ogy. If the Congress authorizes the labs to spend public funds on commercial 
activities, there must be some policy constraints to limit the inevitable perception 
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that public funds are simply being diverted for private gain. Even if this does not 
create complaints of unfair, government-sponsored competition, it may invite a 
level of "earmarking" not yet experienced. 

Reassign labs to new agency or to Commerce: change the enabling statutes to 
shift one, or a few labs, with their budgets intact, to another institutional setting 
where conditions for effectiveness are better: the obvious candidate is Nist. This 
idea requires a degree of willingness of Congressional committees to transfer 
both money and "turf to one another that is not regarded as likely. 

Universities: university-industry research centers 

The third institution that can serve to collaborate with federal civil agencies 
in the creation of technology of economic value is the university, or at least parts 
of the university (engineering, business, and some natural and social sciences in 
particular). The universities, beholden to both federal and state governments for 
financial support, have tended to exaggerate the extent to which they offer the 
solution to the nation's competitiveness problems. 79 There are rather severe lim- 
its to the extent universities can engage in commercially related activities, and 
many are testing those limits today. 

A study for the Ford Foundation under the direction of Prof. Richard Florida 
et al. at Carnegie Mellon University has searched out all the university-industry 
research centers, and found 1,050 of them, spending US$4.5 billion annually. 80 
This funding comes from federal agencies (34.1 per cent); industry (30.7 per 
cent); the universities themselves (17.7 per cent); and from state governments 
and other sources (17.5 per cent). The distribution of support across federal agen- 
cies is surprisingly uniform and reflects widespread multiple support. The fol- 
lowing percentage of centers receive support from the respective agencies: NSF 
(54.9 per cent), Defense (45.1 per cent), Energy (33.9 per cent), Nasa (27.3 per 
cent), and NIH (26.7 per cent). 81 The industry coverage is quite broad too, span- 
ning chemicals, pharmaceuticals, computers, software, electronics, petroleum 
and coal. Even more impressive is the finding that 57.9 per cent of the centers 



Harvey, Brooks. University-industry cooperation as industrial strategy. In: Lundstedt, S. B & 
Moss, T. H. (eds.). Managing innovation and change. Dordrecht, Netherlands, Klewer Academic 
Publishers, 1989. Chap. 4, pp. 35-46. 

80 Cohen, Wesley; Florida, Richard & Goe, W. Richard. University-industry research centers in the 
United States. Center for Economic Development, Carnegie Mellon University, Jun. 1992 (A Report 
to the Ford Foundation.) K 

81 These percentages add to 187.9 per cent. The centers were asked from what agencies they receive 
support. The data show that on average each center is supported by at least two agencies. The figures 
do not suggest that the agencies are all investing in centers at comparable levels. An agency like NSF 
may support more than half of the centers, but it may do so with very modest grants. 
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were founded between 1980 and 1989; the phenomenon seems to be growing 
quite rapidly. This study strongly suggests that the universities are more deeply 
engaged in relationships with industry than most people thought. One implication 
of the study is that some 13.3 per cent of science and engineering doctorates in 
United States universities may have exposure to industrial culture through partic- 
ipation in one of these university-industry centers. 

The greatest value of this level of university involvement with industry 
is access by the university's science, engineering and management students 
to industrial culture and problems and the access the participating firms have 
to students whom they can recruit into their employ. Through the students, 
universities represent a uniquely effective mechanism for technology diffu- 
sion. 

How the universities and government will work out their new relationship, 
with industry as a participating third party is the subject of section 6. 

5. Government promotion of technology diffusion 

The search for a political and economic middle ground between a laissez- 
faire economic policy and a full-blown industrial policy made little progress until 
quite recently. A new approach, which appears to have the makings of a consen- 
sus, urges the development of a United States "technology policy", in which the 
federal government helps develop and provide access to the technical knowledge 
on which the competitiveness of commercial enterprises and the productivity of 
all United States institutions depend. Among the advocates of an explicit technol- 
ogy policy are science and technology policy scholars, civilian high-tech industry 
executives (including members of the private Council on Competitiveness), some 
microeconomists, and influential technology advocates within the Bush adminis- 
tration, including the Assistant to the President for Science and Technology, D. 
Allan Bromley, and leaders in many technology-intensive agencies and depart- 
ments. 

Allan Bromley, speaking for the administration, made himself the leader 
of this middle-ground approach by sending to the Congress in September, 
1991, a formal document entitled The United States technology policy, 
Washington wags said that the most important thing about this little-publi- 
cized report was its title page. 83 But a team headed by James Ling staffed 
from Bromley's Office of Science and Technology Policy (OSTP) and Richard 



82 The United States teclmology policy. Washington, D.C., The White House, Sept. 26, 1 99 1. 

83 The administration has been very reluctant to embrace the idea of "technology policy" for fear that 
it would encourage Congressional pressure for federal research and development activities that might 
distort the market, interfere with private business decisions, and prove wasteful of federal resources 
— in short activities .that border on "industrial policy". 
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Darman's Office of Management and Budget (OMB) spent 14 months crafting 
the policy and gaining its acceptance. Building a consensus in the White 
House for any document with the words "technology policy" in the title was 
no small achievement. 

Beyond establishing the political legitimacy of technology policy, this docu- 
ment advances a technology policy that, at least in its principles, represents an 
important departure from the 40 years since World War II. This policy has the 
hallmarks of a "diffusion-oriented" policy. 

The five primary goals of United States technology policy, as formulated in 
this document are: 

(a) a quality work force that is educated, trained, and flexible in adapting to tech- 
nological and competitive change; 

(b) a financial environment that is conducive to longer-term investment in tech- 
nology; 

(c) the translation of technology into timely, cost-competitive, high-quality man- 
ufactured products; 

(d) an efficient technological infrastructure, especially in the transfer of informa- 
tion; and 

(e) a legal and regulatory environment that provides stability for innovation and 
does not contain unnecessary barriers to private investments in R&D and domes- 
tic production. 

The first, third and fourth of these goals focus on increasing productivity 
through enhanced diffusion, with the latter specifically relating to NREN 
computer network. The policy statement also calls for collaboration of gov- 
ernment, industry, and universities in three diffusion-related areas of opportu- 
nity: 

(a) technology transfer and research cooperation, particularly involving small 
and mid-sized companies; 

(b) building upon state and regional technology initiatives; and 

(c) mutually beneficial international cooperation in science and technology. 
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Although scholars describe these kinds of policies as "diffusion-oriented," 
the term "capability-enhancing" is perhaps more descriptive. Such policies are 
not so much distributive in their objectives as they are aimed at enhanced power 
to absorb and employ technologies productively. 84 Capability-enhancing poli- 
cies are designed to prepare workers for an increasingly sophisticated work envi- 
ronment and develop their problem-solving abilities, to accelerate the commer- 
cialization of innovative ideas, to increase the productivity and lower the cost of 
industrial production, and to increase the capacity of all firms, large and small, to 
use technology to improve their competitiveness. The net effect of a capability- 
enhancing policy is to diffuse economic benefits and increase competition not by 
"picking winners" but by increasing innovative capacity. 

Although demand-side technology policy has a long and honored history 
in agriculture, new tools and techniques brought to farmers by agricultural 
extension agents, making United States agriculture the most productive in the 
world, the dominant United States STI policy has been a supply-side policy. 
Contemporary political accommodation to the idea of a more demand-side 
"technology policy" began with President Reagan's reorganization of the 
Commerce Department and acceptance of the 1988 Omnibus Trade and Com- 
petitiveness Act (Public Law 100-418). The technology policies established 
by this act were designed primarily by Senator Ernest Hollings of South Caro- 
lina, but they were widely supported by both Republicans and Democrats in 
the Congress. 

The Act gave a new name, the National Institute for Standards and Technol- 
ogy (Nist), and a new mission to the venerable National Bureau of Standards. 
Nist's new mission includes three programs, all viewed with some suspicion by 
economic conservatives: the Advanced Technology Program to finance "precom- 
petitive generic" research in commercial firms; an experimental technology- 
extension program to help smaller manufacturers improve their productivity; and 
the establishment of manufacturing technology centers in cooperation with the 
states. 85 White House skepticism, however, has restricted these three Nist pro- 
grams to less than three per cent of Darpa's R&D budget, despite a generous con- 
gressional authorization. Thus the three Commerce programs must be regarded 
as very tentative experiments in capability-enhancing technology policy. 



84 Skeptics of "diffusion-oriented" policy sometimes associate "diffusion" with active policies to 
transfer information assets from the haves to the have-nots. This is, of course, not how diffusion 
works, either in molecules or in information. Information diffusion is a random process in which 
receptors may filter what they need from that which is flowing freely in the public domain. Technol- 
ogy transfer, on the other hand, usually represents a transaction between identified parties, in which 
information flows unidirectionally between them. 

85 Technology Administration, VS. Department of Commerce. Strategic view. Washington D.C., 
Nov. 1991. 
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Figure 2 

Policies for technology diffusion 
Access, adaptation, use, and sharing of technology 



Systematic acquisition, dissemination of foreign technology. 

Evaluation, adaptation, and dissemination of technical information in the United States. 

Technical services and industrial extension. 

Investments in human resources (education, school-to-work, worker training). 

Collaborative technical activities among firms. 



Information infrastructure 



Public investment in information infrastructure, however, has several advan- 
tages over investments in prescriptive megaprojects and technology transfer pro- 
grams that target specific industries. Infrastructure investment does not predeter- 
mine the relative emphasis to be given to any particular sector, whether it be 
manufacturing, agriculture, resource extraction or services. Information infra- 
structure allows information flows to follow demand, rather than requiring 
demand to be predicted. In that sense information infrastructure is enabling. 

The Internet, and its proposed successor, the National Research and Educa- 
tion Network (NREN), 86 are examples of "information infrastructure". 87 It incor- 
porates both public and private components, emphasizes the diffusion of useful 
knowledge, and contributes to both vertical and horizontal integration of intellec- 
tual and economic activity. Its structure and pricing policies can explicitly pro- 
vide for equity in access to services by subsidizing academic connectivity. To the 
extent that it embodies new technology (for example, the gigabit backbone net- 
work), NREN anticipates new applications. 88 By testing such technologies in a 
research network, NREN will lower the economic risk of their introduction into 
commercial service. 



86 Executive Office of the President, Office of Science and Technology Policy. The Federal High Per- 
formance Computing Program. Sept. 8, 1989. For a convenient summary see U.S. Congress, Office 
of Technology Assessment High performance computing and networking for science. Washington 
D.C., U.S. Government Printing Office, Sept, 1989. (Background paper, OTA-BP-CTT-59.) 
"The following definition of "information infrastructure" is used in this discussion: "information 
infrastructure is comprised of those facilities and services whose shared use by individuals and insti- 
tutions, both public and private, enable more efficient and effective creation, adaptation and diffusion 
of useful information". 

** Mandelbaum, Richard & Mandelbaum, Paulette. The strategic future of the mid-level networks. In: 
Kahin, Brian (ed.). Building information infrastructure: issues in the development of the National 
Research and Education Network. New York, McGraw-Hill, 1992. 
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Optimal utility of a new service is determined by the experience of users. 
New information services respond to application innovations (such as telecollab- 
oration, distant learning, vertical integration, and consensus management) with- 
out requiring government decision-makers to understand the pace of change 
brought on by information technology. Much of the technology transfer pro- 
moted by government policy today specifies the relationships it seeks to promote, 
forcing information flows into prescribed and sometimes inappropriate channels. 
It is in this sense that NREN services are considered "enabling". 

Cross-subsidization is common in the publicly supported component of 
infrastructure, reflecting government concern for equity as well as efficiency and 
efforts to compensate for market imperfections. Elements of infrastructure may 
be public (such as libraries) or private (such as communications earners) or 
mixed (e.g., NSFNET). They may be capital intensive (e.g., NSF supercomputer 
centers) or labor intensive (e.g., the United States Postal Service). They may be 
subsidized (as are university research laboratories), private but not-for-profit 
(such as ANS) 90 or profit-driven (e.g., Meade Data Central's Lexis/Nexis ser- 
vice). Finding the correct balance of public and private investment and of user 
charges to ensure the cooperative interplay of such diverse activities is a major 
challenge for public policy. 

Because an essential characteristic of infrastructure is its accessibility, stan- 
dards also are important issues of public policy. Standards usually evolve 
through a publicly accountable process. In the case of NREN three sets of stan- 
dards must be harmonized: the Federal Communications Commission's telecom- 
munications standards for the carriers, the Office of Management and Budget's 
Federal Information Processing Standards (Fips) for the government run ser- 
vices, and the American National Standards Institute (Ansi) voluntary standards 
for commercial components and services. 

Information infrastructure depends equally on "hard" and "soft" technolo- 
gies, both, that is, on the physical network and on the arrangements for locating, 
adapting, acquiring, and using information supported by software and manual 
services. Government regulations, or at least policies, must seek to coordinate 
these hard and soft technologies, so that access and connectivity are enhanced 
throughout the information infrastructure. 

These issues are made more important and more complex by the rapid 
shift from paper and voice access to government generated information to 
electronic distribution through digital networks. Electronic information 



89 The Arpanet was originally conceived as a means for load balancing mainframe computers, talcing 
advantage of the four U.S. time zones. Users quickly discovered the attractions of electronic mail, 
file transfers among remote collaborators, and other applications. 

90 ANS is the Advanced Network and Services Co., a not-for-profit joint venture of IBM and MCI 
Corporations which, working for Merit, Inc., provides the backbone NSFNET service for the Internet. 
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searching can be both more selective and more comprehensive than with 
paper; it can certainly enjoy superior economies of scale. Importantly, on-line 
systems permit user feedback, which, if correctly used by those managing the 
information collection, organization, and quality, can increase dramatically its 
value to users. This capacity, however, raises its own issues — how to pre- 
serve the privacy of information users while making information services 
more responsive to their needs. 

The government's investment in the National Research and Education Net- 
work (NREN), a central part of the strategy to develop the nation's information 
infrastructure, will make expanded STI services accessible to thousands of labo- 
ratories in universities, industry, and government. By aggregating a national mar- 
ket for such services, it can attract investment by private information vendors as 
well as justify increased government efforts in STI. Agencies should now be 
planning investments in the data collection, evaluation, user adaptation, and 
search strategies needed to support the rising demand for information services 
over the network. 

The Internet is widely connected internationally, and provides a vital link 
between professionals in smaller or less developed countries and the much larger 
number of scientists and engineers in the larger, wealthier countries. This is a 
welcome fact in most quarters of government; indeed government agency spon- 
sored networks form the core of the Internet and many of them are international 
in character. 

The fact that the NREN legislation is based on the goal of improved eco- 
nomic performance in the United States means, however, that some politicians 
may question whether the openness of Internet to foreign participation is consis- 
tent with the goal of giving Americans a comparative advantage in international 
competition. This concern arises primarily in the case of Japan, whose science 
strength is far weaker than its industrial practice. There is danger, however, that 
political efforts to put constraints on the unimpeded flow of information on the 
Internet might be made. Such an attempt I would call "intellectual protection- 
ism." Brazil practiced a reverse form of such protectionism some years ago with 
its constraints on digit traffic across the border, but these constraints have been 
substantially removed. This is an area where some international agreements 
might be merited. 

Industrial extension services 

The provision of technical advice to small businesses to improve their eco- 
nomic performance is of course familiar in the field of agriculture. From the time 
of the Morrill Act of 1862, establishing the land-grant colleges for "agricultural 
sciences and the mechanical arts" the federal and state governments have collab- 
orated to provide technical, extension services to farmers. These services also 
provided for the subsidized diffusion of research knowledge coming from both 
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federal and state agricultural research stations. This process has been extraordi- 
narily successful; only two per cent of the population is required to feed the other 
98 per cent, plus a significant part of the rest of the world. 

The analogous service to small manufacturers and other businesses has had 
much less acceptance and less success, in part because farms produce commodities 
with little product differentiation within a crop, and the industry is very highly frag- 
mented. When the State helps one farmer reduce his costs and increase his earn- 
ings, there is little discemable economic effect on the price his neighbor receives or 
the.demand for his product. Furthermore, the information farmers require has been 
of a largely generic nature, applicable to a great many of them. Industrial extension 
services must be much more specifically adapted to the applications of each firm. 

In the late sixties the Congress passed the State Technical Services Act, to 
provide industrial extension services; after a modest beginning, federal funding 
ceased and little remains of this effort. In the eighties the states began to take ini- 
tiatives on their own. By 1988, 44 of the 50 states were investing annually some 
US$550 million in efforts to promote innovation. Only about 10 per cent of this 
goes to industrial extension, however. 91 A 1990 National Governor's Association 
survey estimates that only 1 1 ,800 of the 355,000 United States small and medium 
sized manufacturers (which produce half of United States manufacturing value 
added) were helped in any demonstrable way by extension services. 

The Omnibus Trade and Competitiveness Act of 1988 assigned to the 
National Institute for Standards and Technology (Nist — formerly called the 
National Bureau of Standards) responsibility for establishing in collaboration 
with states or groups of states a series of manufacturing technology centers, 
seven of which are in operation or in the process of establishment. The Act also 
authorized establishment of an industrial extension program with the states, 
although the Bush administration did not request more than token funding for 
this activity. The purpose of the manufacturing technology centers (MTCs) is to 
bring modern production technology to small and medium sized manufacturers. 
In effect Nist has combined the functions of the two programs, linking the MTCs 
to state based extension services. An important focus is on the use of program- 
mable machine tools and automation. But increasingly the centers services are 
being broadened to cover technical management issues such as total quality man- 
agement and the European quality process standard ISO 9000. 

The Clinton-Gore technology policy document notes that in Germany the 
Fraunhofer Gesellshaft operates some 40 contract R&D centers and uses industry 
cooperatives to diffuse the technology across industry. In Japan there are 170 



91 Jones, Megan. Helping slates help themselves. Issues in Science and Technology, 6 (1), Fall 1989. 
See also Shapiro, Philip. Modernizing manufacturing: new policies to build industrial extension ser- 
vices. Washington D.C., Economic Policy Institute, 1990. 

92 Lyons, John. (Director of Nist, private communication.) 
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Kohsetsushi technology support centers for small business, funded at US$500 million 
per year. The Clinton campaign proposed creating 130 United States centers to 
engage in extension services. The details of this plan are not yet clear. It seems likely 
that what will emerge is a set of perhaps 30 manufacturing technology centers placed 
in strategic locations around the United States, each specializing in production tools 
and processes common to the region. These MTCs would be linked by computer net- 
work to perhaps 100 manufacturing outreach centers (MOCs) — much smaller 
orhces with a few extension agents providing "retail" services to small business in 
Oieir locale. It seems clear that the advice and help they can provide must be in the 
basic business services area as well as in technology and production. 

Whether such an ambitious program will be created is problematic for at 
least three reasons: 

(a) it depends on matching funds from the states, most of which have consider- 
able difficulty sustaining discretionary expenditures of this kind through good 
times and bad; 6 B 

(b) there are questions about the extent to which such services should be fully 
self-sustaining financially, since the firms assisted should be able to appropriate 
all the benefits. In most states only the first visit is free; in some there are recap- 
ture clauses in the agreement; 

(c) there are questions about competition between public services and those from 
profit seeking consultants, although most state programs operate at the entry 
level of services, where fees are too low to be of interest to professional consult- 
ing firms. 



If such a national program of extension services is to be created, it will 
require a high level of cooperation among the states, since all will be sharing the 
specialized resources accessible through the network. If that obstacle is over- 
come it may have another benefit. Today the state governments compete with 
one another to attract job-creating investments, either from direct foreign invest- 
ment or from United States firms considering relocation. This competition often 
takes the form of subsidies, either through donated land, tax abatement, or other 
benefits. The result is that astute firms force state governments to bid against 
each other, resulting in tax subsidies to firms without any evident benefit to the 
American nation as a whole. If the states could agree to collaborate in a positive- 
sum economic game, all would be better off. 



y i 



6. The universities: a new social contract? 

Section 2 described the social contract that expresses the surprisingly stable 
United States science policy since World War II, and the stresses it is now 
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encountering. Congressman George Brown, chairman of the House Committee 
on Science, Space, and Technology knows more about science policy and the 
functioning of the American technical enterprise than anyone else in Congress. 
He is a strong supporter of science and has earned the right to point out the vul- 
nerabilities to which the old policy paradigms are now subject. His September 8, 
1992 Los Angeles Tunes editorial sets the text. His position is clearly stated: 
unless the academic scientific community abandons its tenacious claim to auton- 
omy in resource allocation and performer selection as a matter of entitlement 
rather than a means to serve American interests, even the best friends of funda- 
mental research will feel they cannot, in good conscience, increase academic sci- 
ence budgets when they compete with urgent social priorities. 

The same theme runs through the Task Force report issued on September 15 
by Congressman Boucher's subcommittee outlining a project for the committee 
to challenge the effectiveness with which OSTP allocates research resources to 
agency activities and ensures that the resulting knowledge and technology flow - 
in a timely manner to public benefit. 

In September 1992, Dr. James Duderstadt, chairman of the National Science 
Board, and Dr. Walter Massey, director of the National Science Foundation, char- 
tered a' Commission on the Future of the National Science Foundation. Its report 
to the National Science Board was submitted in early December 1992. The fear 
that the social contract is already being renegotiated — unilaterally — made 
many academics and professional societies feel threatened by the very existence 
of the Commission. 

The Commission's recommendations, however, struck a middle ground. It 

made four points: 

— The NSB should not remain passive while enormous changes are taking place 
in the United States science and technology enterprise, its policies, institutions, 
and goals. Many of the mechanisms through which science creates public bene- 
fits are beyond NSF's control. Many are managed by federal agencies other than 
NSF. NSF has two choices: take on the entire technological food chain from 
research to market, or take an active, indeed leading, role in helping the Presi- 
dent and his Assistant for S&T formulate a technology policy within which 
NSF's proper role is defined and linked to the rest of the S&T and innovation 
enterprise. The first course leads to disaster, the second fulfills NSB's legislative 
mandate. 

The NSF should continue to support research in the sciences and in engineering, 

and provide the facilities and infrastructure required for a strong national research 
capability. The present portfolio of disciplines and activities is broad enough; NSF 
does not need to expand that portfolio. The problem lies more in maldistribution of 
funds in relation to technical needs, not the need to add still more kinds of functions 
to NSF. Nor should NSF allow its engineering centers or its investments in NREN 
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to be divested to some civilian technology agency (as proposed in one transition 
• document). NSF's grants should continue to insist on intellectual excellence in all 
it does, foster unsolicited proposals, cherish its "bottoms up" style of project 
choice, and cling to merit based competitive performer selection. 

— NSF must recognize that the United States technical community is weaker 
than it should be in many fields that are quite exciting intellectually but also 
could make a very big contribution to the nation's technological comparative 
advantage. An example is synthetic polymer chemistry. NSF must not allow 
pressure from disciplinary constituencies to prevent a distribution of resources 
into it's programs and activities that better matches the technical challenges fac- 
ing America. Instead it should reach out to technically sophisticated people who 
understand the fields in which American science and engineering are underin- 
vesting, and ask them to participate in an improved resource allocation process 
that is better matched to national needs than today's programs reflect. This is a 
job for NSB itself. It should pay more attention to disciplines and interdiscipli- 
nary research known to be poorly represented in our universities as we shift our 
attention from Cold War to a cold economy. More advice from the most techni- 
cally qualified people with industry experience should be sought. NSF should 
not tell university scientists what to do; it needs only put properly allocated 
resources in the paths of bright people. 

— NSF must take more seriously the effectiveness of linkages that connect aca- 
demic science and engineering to the users of the knowledge created, and 
strengthen those linkages where possible, even as we recognize that those link- 
ages are quite extensive already (see section 4, National laboratories: future mis- 
sions). The object is not to force university scientists to "get in bed" with indus- 
try (NSB should do that) but to ensure that academic researchers have multiple 
opportunities to benefit from and collaborate with colleagues in industry and oth- 
ers putting science to use. Among appropriate linkage mechanisms, in addition to 
students going to work in industry, are university centers with industry participa- 
tion, faculty-industry exchanges, development of the NREN and facilities shared 
with industry users, support for data evaluation, reviews, and S&T information 
services, workshops, conferences, and travel. 

The academic science community is in danger of being isolated politically on 
this issue, since there are very large segments of the science community — mostly 
in federal and national laboratories and some in industry — that have already made 
their peace with working in a more utilitarian environment where need-driven pri- 
orities drive resource allocations even for basic research and where linkages to the 
processes of research utilization are accepted as an integral part of the research 
plan. Note that US$20.8 billion are spent on R&D in the federal laboratory system 
(including FFRDCs) while only US$20.4 billion are spent on R&D in universities 
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(see section 4, Industrial consortia: antitrust). If the new social contract is tied to 
greater assurance that public benefits will flow from science and the mechanisms 
for flow are made explicit, it still isn't clear 

— How the "negotiation" takes place, or 

— What a new "social contract" would look like. 

On the first point, the scientific community has little bargaining power; it is 
going to have to accept what gets served up. Its influence is limited to blaming the 
politicians for being the instruments of destruction of a public asset. This is likely 
to get press but produce little in the way of good outcomes. The real negotiation is 
within the political process dealing with alternative strategies for defining the role 
of government-funded science — indeed the role of any government activity — in 
achieving the socio-political agenda being defined now in the election campaign: 
jobs, environment, security, infrastructure, and fiscal stability. The new negotiation 
is taking place between conflicting constituencies on these issues. Scientists are on 
the sidelines. If that is the correct view of the "renegotiation" process, then the 
right preposition is "social contract for science" not "with science". 

On the second point, the political structure of federal policy toward science 
is, and will be, heavily influenced by factors that have essentially nothing to do 
with the philosophical elements of relations between government and science. 
For example, the earmarking of more than US$700 million of the FY 1992 bud- 
get for academic facilities and research has nothing much to do with alternative 
views of how science diffuses in the economy; it is a power play serving local 
political interests. Earmarking is a symptom of the fracturing of the current 
social contract, since it is clear that commitment to autonomy for science is insuf- 
ficient to prevent the earmarking. The same thing can be said for the other pieces 
of evidence for the crumbling of the social contract: public alarm over accusa- 
tions of scientific misconduct, over mishandling of research overhead account- 
ing, over university insensitivity to the loss of American technical advantage 
through foreign guest scientists and engineers in our best universities. 

Underneath all of this evidence that all is not well in the view of academic 
science held by the public, the media and the politicians, are three other factors 
which are putting pressure on resources for academic science: 

— The recognized fact that having the most Nobel laureates has not protected us 
from a loss of competitive advantage in important areas of industrial technology. 



'■* No one in a position of responsibility ever said it would. But too many spokespersons for science 
have deliberately fostered the impression that strong science, along with strong defense and space 
technology would indeed assure a strong economy. These chickens have now come home to roost. 
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— The pressure on academic science budgets coming from the fading of support 
from Defense and the deficit-driven budget squeeze. As government policy 
shifts from a mission-oriented strategy (that relies on spinoff from defense and 
space and trickle-down from basic science), the universities are likely to suffer 
along with industry. 

— A growing appreciation, around the world, that under the right incentive struc- 
ture (with market incentives first but not alone on the list) the private sector does 
a better job of execution of tasks for society than do big bureaucracies. This push 
for privatization also tends to cast doubts on the efficacy of federal research 
investments. 



How might a new "social contract" come about, providing another several 
decades of stable support for academic science and engineering? When one tries 
to think about what a new social contract might look like, it is not difficult to 
describe possible new policies. Some of these policies are already identifiable in 
the Bush administration national technology policy of September 26, 1 990 and in 
Clinton-Gore issue statements. But it is less clear how these policies emerge as 
elements of a bargain based on a negotiation with each "side" conceding some 
authority to the other in exchange for some benefit that retains some authority. 94 
Until this issue of finding a new and stable basis for supporting NSF's mission in 
academic science is successfully addressed, many conflicting expectations will 
continue to plague NSF, plague the political community, and plague the scientific 
community. 

Universities are being torn by unreasonable expectations of their role in eco- 
nomic performance; to a degree they have themselves to blame. They are also 
being torn between their commitment to global communities and their obliga- 
tions as nationally chartered institutions, dependent on national sources of sup- 
port. This is a special form of the economic policy issue every government must 
face: what criteria determine whether foreign owned domestic firms are eligible 
to participate in government funded incentives for improved economic perfor- 
mance. This is what Robert Reich has called the Who's us? question. 95 



The process leading to the social contract in the Vannevar Bush era is more evident in hindsight 
There were two c ear protagomsts in the 1944-48 period. The protagonists were Senator Harley 
Kilgore (D-Tenn), Vannevar Bush, a Republican yankee industrialist heading OSRD in the Roosevelt 
and Truman admims.rat.ons, Harry Truman and his staff (leading to his veto and creation of the 
National Science Foundation). During this time the National Academy of Sciences was an active 
(and conservative) influence ,n the negotiation. In the current discussion the NAS is still a conserva- 
tive voice but the technical community is far more diverse than before and speaks with many voices, 
including the voice of academic engineering, largely unheard 40 years ago. 
93 Reich Robert. Op. cit.. p. 53. 
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What charges arising from the growing importance of technological capabil- 
ity in international economic competition are being laid at the feet of university 
administrations? 

— By hosting foreign researchers, especially those from foreign firms, and even 
by accepting endowments for professorships from foreign firms, universities are 
"giving away" knowledge assets paid for by American taxpayers without fair rec- 

96 

ompense. 

— By hosting one third of all the foreign students in the world, United States uni- 
versities are engaged in a massive knowledge drain (despite the known fact that 
most of the best 60 per cent of those students stay in the United States after grad- 
uation). 

— By publishing everything they learn in open literature, they are favoring for- 
eign firms that are able to commercialize new ideas more quickly than American 
firms. The inference is that the United States government should invest less in 
fundamental research; the alternative of course is for United States firms to accel- 
erate their ability to acquire, adapt and exploit new knowledge from all sources. 

— By insisting on scientific autonomy — researching those problems interesting 
to disciplinary academics rather than problems of greater interest to United States 
industry — universities are diverting scarce government resources to disciplines 
of low economic value. 

— By working primarily within established disciplines and by strong preference 
for individual faculty investigator support, academics are preventing interdisci- 
plinary research by teams of investigators that would make more rapid progress 
toward technologies of economic value. And Finally, 

— By cavalier management of indirect cost accounting and occasional lapses 
into scientific misconduct, universities are abrogating — or at least endangering 

— the social contract under which scientific autonomy was assured for the last 
40 years. 

My conclusion is that universities will have to walk a very delicate line 
between expecting recognition for the very real contribution they make to the 



This concern was raised in Congressional hearings by the late Congressman Weiss of New York. 
More recently, legislation was introduced (and subsequently blocked) to forbid unclassified basic 
research funded by NSF and NIH from reaching foreign Firms — an idea that is at one and the same 
time impractical and frightening. 
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technological roots of economic performance in this country, and the commit- 
ment to truth and scholarship without regard to national boundaries that is pre- 
requisite to their intellectual integrity. Striking that balance successfully is much 
more important, I suggest, than wiring all the buildings with optical fibers and 
putting a computer on every desk. The ultimate solution requires that our society 
discover that its self interest lies in a global market of ideas as well as of goods, 
and the universities represent our eyes and ears, learning from as well as teaching 
others. 



7. Changing S&T roles for the Defense Department 

As noted in section 2, End of the Col War, the sweeping changes in the 
United States national security situation are causing upheavals of substantial 
magnitude in the Department of Defense and the nuclear program in the Depart- 
ment of Energy. But Defense was having substantial difficulty selecting, procur- 
ing, and managing the technology on which it depends even before the breakup 
of the Soviet Union and its alliances. 97 The challenge of strengthening the 
defense industrial base at a time of rapidly declining resources is very great, and 
clearly requires a fundamental restructuring of the defense acquisition system. 

Dual use technologies 

As noted in section 2, Dominance of defense R&D, defense technology is 
increasingly dependent on sources of technology in highly competitive, global, 
high-tech industry. The potential for synergy between defense and commercial 
applications of technical knowledge centers on the concept of "dual use" technol- 
ogy. "Dual use technology" does not mean a technology that has two uses. It 
means a technology that has an indeterminate number of potential uses, at least 
some of which are of significant military importance and some are of material 
non-military importance. 

Thus technologies for designing, making and using jet engines, optical fiber 
cable, magnetrons, boron fiber composites, rocket propellants, infrared sensors, 
ion implanters, computers, 3-D hydrodynamic codes, and automated turret lathes 
are all "dual use technologies". They could, as easily, and perhaps with more 
accuracy be called "multiple use" technologies. 

Some dual use technology is so general in its application that it can support 
virtually all of the technically sophisticated applications of specialized military 
equipments and high-function commercial needs. Perhaps the best example is jet 
engine lubricants, where military and commercial standards are essentially iden- 



Carnegie Commission. New thinking and American defense technology. New York, Carnegie Com- 
mission on Science Technology and Governnment, Aug. 1990. 
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tical worldwide. Another example is optical fibre communications cable or high 
speed bipolar circuits (although some military adaptation is needed to reduce sen- 
sitivity of these circuits to nuclear and E-M radiation). 

The "ultimate" example of dual use technical knowledge comes from basic 
scientific research. Both defense and commercial technologies grow from the 
same seeds of scientific knowledge, benefit from similar tools, techniques, pro- 
cesses and materials, draw on the same system of education for scientists, engi- 
neers and mathematicians. 



Defense-commercial relationships 

It is noteworthy that the administration and Congress are no longer looking 
to the Defense Department to provide policy cover for experiments in direct 
civilian technology support. 8 Defense has at its hands full downsizing its pro- 
gram and adjusting to new and lower budget levels. Thus the era when Defense 
was used as a cover for a "surrogate industrial policy" may be drawing to a close. 
But the new role for defense R&D and its relationship to the commercial sector 
remains undefined. Beyond spinoff calls for a radical change in Defense acquisi- 
tion policy which requires building bridges between defense agencies such as 
Darpa and commercial firms. The purpose of these bridges is not to accelerate 
the flow of military technology to the commercial sector, but to give the Defense 
Department access to the nation's best technology, which increasingly resides in 
the commercial divisions of American manufacturers. 

A task force of the Carnegie Commission on Science, Technology, and Gov- 
ernment chaired by Admiral Bobby Inman, called for changes in Darpa which 
would confirm Darpa's practice of investing in dual use technologies and go fur- 
ther by encouraging Darpa to collaborate with civilian agencies concerned with 
the same technologies and undertake cooperative agreements with commercial 
firms for dual use technology development. These new relationships would be 
recognized by renaming the agency National Advanced Research Projects 
Agency, or Narpa. Senator Jeff Bingaman has introduced a bill implementing this 
recommendation: The National Advanced Research Projects Agency Act of 1992. 
As I said in my testimony to the Joint Economic Committee last September, 



"Darpa and the rest of the Defense Department is going to have to realize that the 
United States now lives in a world of technology, most of which is private, a 



98 Dr. Radford Byerly, Staff director for the House Science, Space, and Technology Committee, noted 
during the Colloquium that since the Congress failed to repeal the prohibition against transferring 
budget allocation from defense to domestic civil programs this year. Congress might be tempted to 
relocate civil programs within defense programs. The motive, however, would not be to draw the 
mantle of national security over projects some might claim were "industrial policy". 

99 Alic, John; Branscomb, Lewis; Brooks, Harvey; Carter, Ashton & Epstein, Gerald. Op. cit, 
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large part of which is not even located in the United States. Defense is goine to 
have to use it, iU0 & s 

The Clinton-Gore technology policy paper contains a commitment to 
•review and eliminate barriers to the integration of our defense and civilian 
industrial base". 

8. International issues in S&T 

Technology and trade relations 

Every one of the four changes described in section 1 entails increased inter- 
national dependencies for the United States. The breakup of the superpower 
stalemate creates a multipolar world where international relations are less con- 
strained and offer increased opportunities and challenges. Security affairs will 
have increased political content and will be more regional in character. Competi- 
tion in the world economy, with the rise of Asia and Europe as major economic 
powers, means that the United States will more frequently require the financial as 
well as political collaboration of other powers, as proved necessary in the Gulf 
War. International affairs in science and technology can be expected to become 
more multidimensional, less polarized by the Cold War and more responsive to 
regional situations and relationships. 

^ If the 1992 United States election campaign is a predictor of President Clin- 
ton's priorities, his focus will be on the domestic economy. Despite this, Presi- 
dent Clinton world view is fundamentally internationalist. As befits the post- 
Cold War era he will understand that relations with trading partners such as Mex- 
ico and Brazil desire a high priority. The effectiveness of this focus on interna- 
tional affairs will be limited, unfortunately, not only by his domestic priorities 
but by the weakened S&T capabilities of the Department of State. 

A recent comprehensive study of science and technology in United States 
international affairs finds the United States government poorly placed to deal 
effectively with S&T issues in their foreign policy context. 101 The commission 
found "a crazy-quilt of poorly defined responsibilities, inconsistent strategies 
and inadequate resources, frequently knotted up and occasionally knitted 
together by ad hoc mechanisms of coordination". ,oi The corps of science coun- 
selors in United States embassies around the world is outnumbered 3:1 by the 



'» Branscomb, Lewis M. Testimony to the Joint Economic Committee of the Congress, Sept. 12 

1991. Also quoted by Senator Bingaman in his statement in Congress on Apr. 2, 1992. 

' 01 Carnegie Commission. Science and technology in U.S. international amirs. New York, Carneeie 

Commission on Science. Technology and Government, Jan. 1 992. pp 45-6 

102 Ibid. p. 11. 
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S&T officers of foreign embassies and consulates in the United States alone. 103 
Government agencies and United States firms alike too often fail to search out 
and utilize technology from around the world. This will change, but the change 
may come slowly. 

A second trend is a consequence of the increased codification of science and 
engineering, described in section 2, Changes in science, engineering, and innova- 
tion. The codified (theory based) parts of science and engineering, a rapidly grow- 
ing fraction of technical knowledge, moves around the world with the speed of elec- 
trical signals. Together with the strengthening of technical and business relationships 
among manufacturers who supply each other, firms are distributing their operations 
geographically. The Asian NICs have taken strong advantage of this trend. It may be 
of increasing importance to Brazil as well, especially if its economy can be stabi- 
lized. This is leading governments to move beyond science as the basis for bilateral 
cooperation to embrace cooperative projects in technology as well. 

The economies of the newly industrialized and, indeed, of many still devel- 
oping countries have been growing more rapidly than the economies of the 
highly industrialized democracies, and accordingly offer the major market 
growth opportunities for the United States. This should lead to an enhancement 
of S&T relations, which have for so many years been hostage to the Cold War. 
Competition for these markets is helping stimulate a number of international 
projects in science and engineering in the fields of basic science, of environment, 
and of industrial development. An example of the latter is the Intelligent Manu- 
facturing Systems project, the idea of Prof. Yoshikawa of Tokyo University and 
put forward internationally by MIT. It is aimed at developing new manufacturing 
systems technologies that offer increased productivity, flexibility, and product 
quality. The manufacturing technology initiative started by the Bush administra- 
tion, which will almost certainly continue, and the industrial extension services 
the Clinton administration is pledged to expand provide a platform for technol- 
ogy cooperation with Brazil and other nations. 

United States exports have been growing faster than the domestic economy 
for some years. Concerns about labor displacement by imports have been high on 
the political agenda of the Democratic Party. United States trade policy, how- 
ever, has so far resisted the temptations of more extreme forms of protectionism. 
The North American Free Trade Agreement seems reasonably assured of enact- 
ment. The Nafta may have some short term negative impacts on Brazil, if Mex- 
ico moves into agricultural and other products for which Brazil enjoys export 
trade to the United States. 

Aside from the Nafta, however, United States attention is fixed pn Japan — 
because of the huge United States-Japan trade deficit — and the European Com- 
munity, because of signs that community integration may come at the cost of 



■°3 ibid. 
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also true that the United States has been a difficult partner in international coop- 
erative projects. As the Carnegie Commission on Science, Technology, and Gov- 
ernment put it, "The United States must work to improve its reputation as a reli- 
able partner in international environmental efforts (...)". There are two pri- 
mary problems: annual appropriations which put continuation of financial 
commitments at risk and the lack of a coherent policy toward international scien- 
tific cooperation 
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Informatics and intellectual property rights 

Information policy has emerged again as a major element of federal pol- 
icy toward science and technology. The United States played a leadership 
role in the OECD in information policy in the early seventies. But shortly 
thereafter informatics lost its place on the policy agenda, and efforts that had 
been led by the White House were pushed down to agencies, which received 
little encouragement. This trend has been reversed, in large measure because 
of the power of computer networks to create markets for information ser- 
vices, to enhance communications and collaboration, and to allow the sharing 
of scarce resources, specifically the federally sponsored "supercomputer" 
centers. 

An important international S&T facility is the Internet, now a global com- 
puter network facilitating remote access to sources of technical knowledge and 
facilitating remote collaboration. Internet is the largest collection of intercon- 
nected networks in the world — a collection of over 4 thousand networks 
among which electronic mail messages flow. In 1992, 107 countries were con- 
nected directly or indirectly to the Internet. 107 Anthony Rutkowski estimates 
that at least 10 million people have access to the Internet worldwide, and the 
traffic level in 1992 was growing at over 10 per cent per month. In the United 
States some 28 million personal computers, or 56 per cent of all PCs installed 
in the country, will be attached to others through local area networks (LANs) 
by the end of 1995. 108 Many if not most can be expected to be attached to the 
Internet. The spread of networks around the world can accelerate developing 



ltM Carnegie Commission on Science, Technology and Government. Enviromental research and 
development: strengthening the federal infrastructure. New York, Carnegie Commission, Dec. 1992. 
p. 96. 

105 Keynan, Alexander. The United States as a partner in scientific and technological cooperation: 
some perspectives from across the Atlantic. (Consultant report to the Carnegie Commission on Sci- 
ence, Technology and Government, June 1991.) 

106 Branscomb, L. M; Piganiol, Pierre; Balke, S.; Hamada, S.; Hookway, H. T. & Whitehead, J. R. 
Information for a changing society: some policy considerations. Paris, OECD, 1971. 

!07 . Landweber, Larry. International connectivity. Internet Society News, 1(1): 3, Jan. 1992. 

108 Forrester Research's Network strategy report: LANs for free? Nov. 1991. 
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country access to the world's knowledge resources. At the same time because 
the informatton infrastructure of many developing countries is Xn weak 
their abihty to take advantage of the global networks is limited * 

In December 1991 the Congress passed the High Performance Computing 
and Commumcatmns Act, which authorizes the evoLon of the IntemeUn to f 
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the EPA (a former staff member to Senator Gore and more recently director of 
the Florida EPA), as well as the science advisor. As noted above, global change 
research will continue to receive strong government support in the United States, 
and the Global Change Data and Information System is being designed to 
encourage other nations to participate in it, using the international services of the 
Internet. 

Shifts in environment policy can be discerned of four kinds: 

— President Bush's "no regrets" policy on global climate change rested on the 
assumption that no action would be taken to reduce carbon consumption unless 
it was justified by other necessities, such as oil import reduction or air pollu- 
tion. Thus if global warming proved to be illusory, there would be *'no regrets" 
over costs needlessly incurred reducing greenhouse gases. The Clinton-Gore 
administration is more likely to seek a middle course, with early steps to reduce 
atmospheric C0 2 production, through an oil import tax or a gasoline tax, or 
both. 

— Transnational and global environmental impacts are becoming a much 
larger part of the international affairs agenda in governments rich and poor. 
With the election of Clinton and Gore it is likely that the United States govern- 
ment will take a much more activist position than the Reagan and Bush admin- 
istrations have done, as evidenced by the United States positions at the Rio 
Conference. 

— Most large manufacturing firms face major environmental costs and risks, and 
no longer treat environment as simply a public relations and regulatory issue; it 
has become a part of mainstream business strategy. This is leading to technical 
efforts to modify industrial processes to minimize those risks and costs, and to 
pressures on government to modify the regulatory regime to encourage this pro- 
cess approach, instead of focusing regulations on technologies to remove pollut- 
ants from process outputs. 

— Government is beginning to experiment with market surrogate mechanisms, 
such as tradable permits for emitting pollutants, in order to improve both the 
incentives on industry and the efficiency of the regulatory process. The 1991 
Clean Air Act includes such provisions. This policy direction provides enhanced 
incentives for private efforts; its advocates believe it will lower costs of meeting 
environmental goals. The United States will probably urge other nations to fol- 
low this policy direction. 

— Political leaders are beginning to react to Japanese and German government 
action? to promote the development of "green" production technologies and 
equipment as a strategy for building an environment export market to reduced 
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domestic economic cost of environmental compliance. Similar R&D invest 
ments by government may be seen in the United States in the future The possi 
bihty of sharing such "green" technologies with developing countries as part of 
an overall North-South accommodation on global climate change and other trans- 
border environmental effects will doubtless be discussed as such programs 
develop. 



In summary: the new administration will be much more willing to discuss 
constraints on greenhouse gas emissions in international venues than was 
President Bush, but President Clinton's fiscal conservatism and commitment 
to reduce the federal deficit will not allow a major concessional assistance 
program to the South in return for constraints on goal and wood burning or 
deforestation. B 



Energy and non-proliferation 

The Department of Energy will continue to be absorbed in environmental 
remediation of its nuclear facilities, for which total cost of over US$100 bil- 
hon is estimated over a period of years. With the political transformation of 
the former Soviet Union, the rising number of nations apparently seeking a 
nuclear weapons capability, and a dramatic rise in regional conflicts, non-pro- 
liferation will be high on the administration agenda and will color its attitude 
toward nuclear fuels and reprocessing. Brazil experienced serious friction 
with the Carter administration over this issue, but the return of Democrats to 
power does not signal a similar level of policy conflict with Brazil, if Brazil 
ratifies the agreement to accept the IAEA safeguards signed by Brazil and 
Argentina in December 1991. 

A second concern will be the downsizing of its nuclear weapons estab- 
lishment, as noted in the section on national laboratories. This second effort 
will, however, give the department incentives to look for energy-related 
technology activities. The Energy Department will be pushing hard for alter- 
native fuels for automobiles, but will probably be more skeptical of the vir- 
tues of ethanol than was the Bush administration. It is likely that a gasoline 
tax will be levied, to bring revenue to the treasury and provide incentive for 
conservation. The administration will also press forward with their project 
to develop a practical battery for powering electric or hybrid gasoline-elec- 
tric cars Given Brazil's extensive experience with ethanol-powered vehi- 
cles, and at the same time Brazil's new source of hydroelectric power a 
cooperative United States - Brazil project evaluating the prospects for both 
electric and alternative hydrocarbon fueled cars might be attractive to both 
countries. 
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9. "Megaprojects" and technology demonstrations 

One of the conspicuous failures of government management, which might 
be alleviated with the right process of evaluation, is the technical "mega- 
project". Linda Cohen and Roger Noll have studied six cases of such projects, 
each intended to accelerate the commercialization of a capital intensive tech- 
nology. 111 Among their cases were the supersonic transport aircraft, the 
Clinch River breeder reactor, a coal gasification project, and the solar photo- 
voltaic program. In each case a nominally attractive economic case was in 
hand at the beginning of the project, but the project was soon captured by con- 
stituencies that lobbied for it and benefitted from it. When either the market or 
the technology changed, the political environment prevented the project from 
adapting to new circumstances. As they became conspicuously uneconomic, 
political justifications were invoked and kept most of the projects alive long 
after any utility remained. 

The normal program planning, review, and resource allocation process is 
not sufficiently robust to contain such projects within sound limits. What is 
needed is a requirement, embodied in the authorizing legislation, that the eco- 
nomic and market assumptions on which such projects are based are rendered 
explicit, and that the goals and the implementation plans be exposed to exter- 
nal as well as internal analysis and review. This external evaluation should be 
repeated at defined intervals, and the process and its conclusions made public. 
What institutional structure might perform such reviews? One solution is to 
charter the National Academy of Engineering to create a panel for each 
project, funded to subcontract the analytical work to professionally qualified 
institutions. The final decisions would be made in government, presumably in 
the OMB, of course, but the fact that the evaluation is external to government 
will protect the evaluation from the political conflict of interest inherent in the 
administration's responsibility for managing it. 



10. Science advice and S&T decision making 



"Taxonomy " of United States science advisory functions, activities, 
and institutions 

At least 10 kinds of government functions are supported by formal institu- 
tional structures for the provision of outside scientific and technical advice 
(table 5). 



111 Cohen, Linda R. & Noll, Roger G. The technology pork barrel. Washington D.C., The Brookings 
Institution, 1991. 
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Table 5 

'Taxonomy" of U.S. science advisory functions 



Advisory function 
. Example 
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Most of the executive departments also have high level boards of science 
and technology advisers and a myriad of more specialized advisory committees 
throughout their agencies. The Defense Science Board gives both solicited and 
unsolicited advice to the Office of the Secretary of Defense. The statute estab- 
lishing the National Institute for Standards and Technology (Nist) requires the 
appointment of a Statutory Advisory Committee to assess this agency's perfor- 
mance and to call to the attention of the Secretary of Commerce any policy issues 
that concern the committee members. 3 

Federal regulatory agencies setting mandatory limits or providing product 
approvals to protect the environment and public health and safety also have a 
variety of advisory bodies, some statutory, to review proposed agency regula- 
tions and to advise on agency research, processes and technical assess- 
ments. 114 An explosion of new agencies, each with associated advisory mech- 
anisms, occurred in the early seventies. EPA was established in 1970. It cre- 
ated a Science Advisory Board in 1974, which was given statutory 
permanence in 1978. The 1977 Clean Air Act amendments required establish- 
ment of the Clean Air Scientific Advisory Committee to review the science 
underlying proposed standards. In 1975 a Science Advisory Panel was created 
to review proposed pesticide regulations. A similar array of advisory bodies 
sprang up in the Food and Drug Administration (FDA), the Department of 
Agriculture, and in many other regulatory agencies. 

The Congress 

The Congress has its own institutions for providing scientific and technolog- 
ical early warning and advice. Best known is the Office of Technology Assess- 
ment (OTA) whose studies are commissioned by bipartisan agreement of Con- 
gressional committees. Science and technology policy advice is also provided by 
the Library of Congress* Congressional Research Service (CRS) and the General 
Accounting Office (GAO). The Science Policy Division of the CRS provides 
quick response to Congressional requests, and the GAO's studies stem primarily 
from its responsibility to audit the executive agencies' stewardship of their Con- 
gressional authority. The OTA is notable among advisory bodies in the federal 
government in that it engages in studies in considerable depth, often requiring a 
year or more to complete, and conducted under a bipartisan charter. While its 
reports cannot be said to be free of political content, they provide analysis of 



113 This committee, chaired by Mervin J. Kelly, president of Bell Telephone Laboratories, played a 
critical role in the resolution of a bitter controversy over the handling of the "Battery Additive AD- 
X2" case in 1953. U.S. Congressional House Committee on Science and Technology. Technical infor- 
mation for Congress. Washington D.C., Government Printing Office, Jul. 1979, pp. 23-69. 

114 Jasanoff, Shiela. The fifth branch: science advisors as policymakers. Cambridge MA, Harvard 
University Press, 1990. 
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ical context of their work. The result, however, is that many NRC studies frustrate 
the Congress' desire to come to grips with the political issues. 

Shortcomings and suggestions for institutional improvements 

1. High level science and technology perspectives are inadequately present in 
policy determinations where the issues are not seen as primarily technical. 

2. High level science and technology advice to the executive branch does not 
effectively address long term issues of broad technical scope, especially when the 
government's objectives are not clear nor strongly publicly supported. 

3. Advice on sustaining the vitality of the United States science and engineering 
enterprise becomes suspect when it comes from self-servjng advisory bodies 
addressing the needs of their own community. 

4. The utility of science and technology advice requires that expert advisers 
achieve technical and political legitimacy, which, in turn, legitimates the func- 
tions of the government bureaucracy. In a democracy the legitimacy of "experts" 
is always subject to question. 

5. How can science and technology advice contribute to informed and rational 
self-government in a world of increasing technical complexity? How, in fact, is 
legitimacy to be achieved? This is a question that must be explored if we are to 
understand the role of science advice in the United States political system. 

We must look to the nature of the American version of the modern demo- 
cratic State, which not only requires access to expert knowledge for conducting 
the affairs of government, but requires a sufficient degree of legitimacy for the 
decisions of government to justify the continued delegation of power from the 
electorate. In this respect the nature of American politics seems to be very differ- 
ent from that of many other democratic States, especially as it regards the behav- 
ior of politicians and the roles of elites. 

Yaron Ezrahi 118 advances the thesis that the founders of the new American 
nation saw science as a cultural model which validates the idea that witnessing 
the instrumental exercise of public responsibilities satisfies the normative goals 
of the citizenry. Ezrahi emphasizes the empirical, practical, experimental 
approach we normally associate with American culture. Because Americans 



118 Ezrahi, Yaron. Tlie descent of Icarus: science and the transformation of contemporary democracy. 
Cambridge, Harvard University Press, 1990. 
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for their effectiveness, and most can be funded by shifts in investment from 
defense to non-defense purposes. 

Both President Bush and Governor Clinton endorsed making permanent the 
incremental R&D tax credit. Congress has been extending this tax credit year by 
year and proponents of making the credit permanent argue that uncertainty about 
future tax benefits deprives this tax credit of much of its power to motivate 
increased R&D investment. 

12. The Clinton-Gore technology policy: current issues 

The Clinton-Gore campaign paper on technology policy promises to renew 
the civilian technology base, shifting the balance between defense and non- 
defense federal R&D from 60:40 to 50:50. The policy paper features six broad 
initiatives: 

"1. Investing in 21st century infrastructure [including a digital, broadband com- 
munication system called the Information Network System]. 

2. Establishing education and training programs for a high-skills work force. 

3. Investing in technology programs that empower America's small businesses. 

4. Refocusing federal R&D programs on critical technologies that enhance indus- 
trial performance. 

5. Leveraging the national R&D investment. 

6. Creating a world-class business environment for private sector investment and 
innovation." 120 

A significant decision by President-elect Clinton is to entrust to the Vice- 
president Albert Gore, Jr. "the responsibility and authority to coordinate the 
administration's vision for technology and lead all government agencies, 
including research groups, in aligning with that vision". The statement goes 
on to say: 

"The vice-president will take on the task of organizing all facets of government 
to develop and implement my administration's technology policy. As a first step, 
he will establish a central focus for the coordination of government activities 



110 Clinton-Gore. Technology: the engine of economic growth: a national technology policy for Amer- 
ica. Little Rock, Arkansas, Clinton-Gore National Campaign Headquarters. Sept. 21, 1992. 
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related to civilian technology and create a forum for systematic private sector 
input into United States government deliberations about technology policy and 
competitiveness." 121 

On reading this statement, it is unclear what the role of OSTP is intended to 
be, for by law it is the "central focus for the coordination of government activities 
in (...) technology". It is unclear, as of early January 1993, whether technology 
will be more visible on the White House agenda, with the vice-president assuring 
that S&T issues reach the president's attention, or whether the effect will be to iso- 
late technology as a political issue in the vice-president's Office, weaken OSTP, 
and reduce the effective access to the president of the director of OSTP (who 
serves also as Assistant to the President for Science and Technology). One favor- 
able early sign is that for the first time in 16 years the incoming president has 
nominated his science advisor prior to inauguration. Dr. John Gibbons, director of 
the Congressional Office of Technology Assessment and a nuclear physicist with 
a strong environmental background, has been named for this post. His credentials 
as a policy analyst for science and technology issues is unchallenged. 



13. Current issues and conclusions 

It is likely that the emphasis on lists of critical technologies is a transient 
event in United States technology policy, although the language is surely here to 
stay. If new policies are to be implemented, they must be clearly stated, with 
objective criteria for project selection and evaluation, and related to stated goals. 
On the other hand, so long as governments go beyond basic research in attempts 
to provide a knowledge environment supportive of a competitive, expanding 
economy, they will have to define policies that: 

(a) differentiate the government's role from that of private investors and entrepre- 
neurs; and 

(b) set priorities for government investments in civilian technology. 

The idea that programs meriting priority will be called "critical", will 
sooner or later have to give way to the reality that the government's role is not 
defined by "criticality" but by the underinvestment by private firms in knowl- 
edge with large positive externalities. Just as one would not call government 
funding of basic research in low temperature physics "critical" to national 
well-being, the association of "critical" with "generic" will become increas- 
ingly inappropriate. 



121 Clinton-Gore. Loc. cit. p. 8. 
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Signs that the policy debate is becoming more sophisticated are at hand. 
The American Technology and Competitiveness Act of 1992, sent forward to 
the House of Representatives by the Committee on Science, Space, and Tech- 
nology in the Summer of 1992 122 has a title III entitled Critical Technologies. It 
focuses, however, not on the identification of "critical technologies" but on 
mechanisms to coordinate the development of a national policy, the implemen- 
tation of which will ensure United States leadership in technologies (and their 
applications) "essential for industrial productivity, economic growth, and 
national security (...)". 

The work on priority setting for federal R&D, already launched by the Sub- 
committee on Research of the House Committee on Science, Space, and Technol- 
ogy, will see the development of clearer, more appropriate language in this area. 
The need for competitive and comparative assessment of United States industrial 
technology is clear. The distinction between the use of export controls and 
export promotion should reduce the danger of confusion. Finally, the need to 
focus on the appropriateness of federal expenditures, and not just on priorities for 
choosing technical areas should become apparent. 

Perhaps the best explanation for the emergence of critical technology studies 
is the recognition that government missions have defined technology priorities in 
the past, and a new way to set priorities in support of economic health must be 
evolved! Critical technologies — as a concept without policy relevant criteria — 
is not up to the task. 

There are five primary obstacles to consensus on technology policy as it 
relates to the civil economy: 

(a) lack of crisp, robust criteria to delimit the federal role in each of the program 
types devoted to commercial technology; 

(b) concern that the discipline of such criteria will be corrupted politically, the 
primary reason many conservatives oppose an active technology policy; 

(c) lack of confidence in the ability to build government institutions with the 
competence and the latitude to make judgements — a view that deprives agencies 
of legitimacy; 

(d) confusion about direct foreign investment and how to deal with United States 
firms that are subsidiaries of foreign corporations, and the overseas subsidiaries 
of United States headquartered firms; 



122 HR 5231. 

123 Wiedenbaum, Murray. Testimony before the Joint Economic Committee of the Congress, Sept. 12, 

1991. 
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(e) lack of strong constituency for the kind of decentralized program of technical 
investment that has difficulty competing with the concentrated spending of 
megaprojects. 

One obstacle to consensus on technology policy is the question most often 
posed by economists: what proof have you that United States industry is in techno- 
logical decline, requiring government intervention? This is coupled with a ques- 
tion asked by conservatives, including many business people: what proof have you 
that the government has the competence to help, even if such help were indicated? 

To the first question: it does not matter. In fact, there are many signs of 
resurgence of United States manufacturing competitiveness. Even the merchant 
semiconductor industry has reversed its loss of world market share, and is show- 
ing a small gain. The United States government should be helping to enhance the 
comparative advantage of its institutions and people either way. Indeed, it is 
more likely that government R&D will be useful if industry is optimistic and is 
investing for the future, than if it is cutting costs, reducing R&D and laying off 
people. 

To the second question: strategic technological assistance to save a hard- 
pressed segment of industry will usually face a poor prognosis. But the United 
States government has demonstrated for 40 years the ability to create basic sci- 
ence for the world, and technology for its own missions, through the very kind of 
decentralized, merit-based, competitive programs that are needed for pathbreak- 
ing and infrastructural technologies. It needs only update its conception of public 
goods, to include those two categories of technology, and develop the required 
cooperation from the technical expert in industry to help manage the new pro- 
grams. 

There remains this question: what constituency will support the emerging 
technology policies and shield the politicians from the heat of criticism when 
conflicts arise, as surely they will? 

Only the business community, supported by labor and the technical commu- 
nity, can provide legitimacy and effectiveness to technology policy. Business 
leaders must articulate the economic and political philosophy that allows a role 
for government in the encouragement of path breaking and infrastructural tech- 
nologies. If they do, political leaders will follow their lead. Here one must be 
impressed by the consistent support for a well-constructed federal program of 
investment with the private sector in technology infrastructure. The National 
Association of Manufacturers, the Council on Competitiveness, the Computer 
Systems Policy Project and trade groups such as the American Electronics Asso- 
ciation and the Aerospace Industries Association are consistent in their call for a 
more methodical and managed effort to enhance the technical comparative 
advantage of United States firms. 

How might government be organized to carry out such a policy? The most 
obvious assignments are as follows: 
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Figure 3 

Restructuring government for United States technology policy 



- State governments: federalism in economic/technology policy. 

Operational initiative in diffusion policy. 

Abate destructive competition for foreign investment. 

Consensus on treatment of foreign ownership. 



— Commerce Department lead agency role for civil technology. 

Build constituency and industrially experienced leadership. 

Recreate advisory structure for private sector input. 

Nist as primary operating agency for civil teclmology policy. 



— New roles for Defense and DOE weapons laboratories. 

Rebuild acquisition policies and regulations. 
Reemphasize long-range R&D role. 
Downsize where missions are shrinking. 



- New roles for Energy and Environment Departments. 

Energy Department lias vast R&D resources, shrinking mission. 

EPA is a regulator}- agency; environment needs technology development and environmental 

science associated with regulatory function. 

Suggests combining into new Department of Energy and Environment. 

- Need for coherent policy development and management in the Executive Office of the President. 

OSTP-CEA-NSC supported by FCCSETand the Critical Technologies Institute. 124 The criti- 
cal near term question is the role of the vice-president. 



I draw six conclusions: 

(a) even as nations experiment with new paradigms for industrial policy, the rela- 
tionship of science to engineering and the ways science and engineering are used 
by industrial competitors are changing rapidly; 

(b) public policies for enhancing the technological dimensions of competitive- 
ness, and the assumptions underlying these policies, have quite different histories 
and different priorities in Europe, North America, and East Asia; 



124 OSTP: Office of Science and Technology Policy; CEA: Council of Economic Advisors; NSC: 
National Security Council; FCCSET: Federal Coordinating Council for Science, Engineering, and 
Technology. 
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(c) these policies are still evolving in all three regions of developed industrial 
economies, but are beginning to come together as all industrialized nations face 
similar challenges and opportunities; 

(d) the trend is increasingly toward private initiative and private resources, in 
industrialized, former socialist, and developing economies, reducing the direct 
influence of governments; 

(e) the new policies will call for much more sophisticated capabilities in govern- 
ment, and the economic health of the world will, paradoxically, depend even 
more on wise government policies, even as government action becomes more 
limited in scope and more restrained in nature; 

(f) the primary challenge will not be the relationship of government and private 
efforts within each of the three industrialized areas, but the need to preserve an 
open environment for economic and technological alliances across area boundaries 
and to bring other economies, especially the newly-developing and former socialist 
countries into this vibrant world community of cooperating and competing nations. 

In conclusion: with the election of Governor Clinton as president, the nation 
has endorsed placing priority on domestic economic concerns. Initially this will 
probably have the effect of drawing attention away from the international dimen- 
sions of science and technology policy. However, the previous administration's for- 
eign policy focus was not on trade, science cooperation, and other relationships 
with United States trading partners in the hemisphere. It was clearly focused on the 
USSR and the attempt to neutralize Soviet influence around the world. Today the 
United States is in a State of rapid policy change, as indeed Brazil may be. This 
rate of change will soon begin to slow, and the United States government will have 
the opportunity for innovation in the field of foreign relations. Given the strong 
international interdependence of science and technology, and the important place 
that foreign trade plays in the economies of both countries, it is likely that the cli- 
mate will quickly improve for stronger United States-Brazilian relationships. 
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National scientific development and participation in world science 

Throughout history people have interpreted sensed phenomena, and their 
interpretations have fueled intellectual traditions within many civilizations. Typ- 
ically, a tradition has been parochial insofar as its cultivators have not been inter- 
ested in extending participation, and even if they occasionally have sought to 
extend participation, it has remained a local endeavor because people in other 
civilizations aware of the exogenous tradition have refrained from participating 
in it (Shils, 1981). 

Science, however, is an atypical tradition in its extensive communality. 
Present-day participation in the scientific tradition is worldwide. Not only is science 
practiced in every society but its practitioners are receptive to ideas from any place 
on earth, pursue long-distance collegial ties, and disseminate their creations globally. 
This globality has evolved only recently. Until the 19th century, the tradition was 
concentrated within one area, Europe, where it had become established just a few 
centuries earlier. Global participation emerged in the 20th century. The formation 
of a global communal endeavor was a process of institution-building: both institu- 
tionalization, that is, granting legitimacy, appreciation and autonomy, and establish- 
ing institutional arrangements for global communal participation. 
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In early 17th century Europe, the pursuit of knowledge about natural phe- 
nomena had some legitimacy and some appreciation but little autonomy. It was 
controlled by political and ecclestial authorities who respected religious dogma 
over natural knowledge. But a social movement had formed in Europe which 
was inspired by an Utopian faith in progress by advancing empirical knowledge 
applicable to controling and exploiting nature. This scientistic movement advo- 
cated legitimation for the search for truth through empirical inquiry as an activity 
worthy of cultivation. The movement was successful first in England in the mid- 
dle of the 17th century. The movement won legitimation for science as an intel- 
lectual tradition cognitively distinguishable from intellectual traditions such as 
contemplative philosophy, practical arts, crafts and religious thought. The shift 
to a considerable appreciation for empirical inquiry into God's creations, espe- 
cially nature, was triggered by Puritan thought (see the content analysis of Puri- 
tan statements by Merton, [1938] 1970, chap. 4-5). But the enhanced apprecia- 
tion was broad as evidenced by the participation in science of not only Puritans 
but also many people from diverse other faiths (Merton, [1938] 1970, chap. 6, 
shows the high participation of Puritans, and the high participation from diverse 
other faiths is shown in many studies; whether Puritans were overrepresented is 
debated but not crucial here where the documented great diversity of participa- 
tion is the relevant evidence showing the breadth of the appreciation of natural 
inquiry). Political and religious authorities granted natural inquiry considerable 
autonomy and authority as a source of truth along with the Bible. This institu- 
tionalization in England was imitated in the continental societies that in the cul- 
turally well-connected but politically decentralized Europe were competing for 
national esteem through appreciated cultural forms (Ben-David, [1971] 1984: 75- 
87; Greenfeld.1987; Wuthnow, 1987: 265-98). Empirical inquiry became appre- 
ciated as worthy of pursuit and support, it was granted autonomy from control by 
other spheres, and it was differentiated from other activities by establishing orga- 
nizational arrangements specifically for this endeavor. These arrangements 
included the separation of a dignified social role or vocation devoted to empirical 
inquiry and organizational arrangements for formulating and implementing poli- 
cies shaping the endeavor, for recruiting and training incumbents of the new 
social role, for validating claims to knowledge and disseminating knowledge, for 
evaluating and rewarding role-performance, for promoting and regulating com- 
munication and other role-relations, and, more generally, arrangements for inte- 
grating the practitioners into a community with a self-organization spanning 
across long distances, across nations, religions and other social divisions. This 
differentiated tradition became coined science and the social role became coined 
scientist. Science became supported by the provision of social resources such as 
laboratories, apparatus, libraries, and livelihood of the incumbents of the new 
role. Many of the scientists were employed as teachers in universities and in the 
19th century scientific research became adopted as another purpose of many uni- 
versities, along with teaching, especially in Germany. Although the scientific 
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role became anchored on universities, hospitals, museums and other organiza- 
tions, science continued to be practiced as a communal enterprise. The establish- 
ment of distinctiveness, legitimation and autonomy for the pursuit of science is 
commonly referred to as the institutionalization of science (Ben-David, [1971] 
1984). 

This first institutionalization occurred mainly in Northwestern and Central 
Europe but less extensively on the Iberian Peninsula and elsewhere. Institution- 
alization was then extended to the European settler-societies around the world, 
notably in North America, Australia and in what became Israel, but it did not 
extend much beyond the boundaries of Western civilization. There was little 
institutionalization of science on the Iberian Peninsula and therefore institutional- 
ization did not extend to the colonies in Latin America (Schwartzman 1991: 
chap. 2-3). Despite the boundedness of the scientistic movement within Europe, 
the institutionalization of science had a potential for expansion. 

The institutionalization of science in Europe codified a conception of nature 
as invariant in time and place. Knowledge was conceived to have a truth value 
independent of the researcher and therefore have the same truthfulness in all civ- 
ilizations. The participants were recognized and considered themselves as dis- 
coverers of truth. Knowledge was considered to be cumulative and to be a com- 
ponent in the broader vision of human progress as an ongoing advancement of 
humanity. The doctrine of progress of humanity as an imagined global civiliza- 
tion promoted a cosmopolitan orientation among the participants (Ander- 
son,1983; Robertson, 1992; Schott, 1993b, forthcoming). Natural inquiry was to 
be open to participation from any part of mankind (extended later to include 
women), and the resulting knowledge was to be widely disseminated as a collec- 
tive good of humanity. This cosmopolitan orientation sustained knowledge diffu- 
sion and collegia] ties across social divisions and long distances (Daston, 1991). 
The faith in invariance of nature and in truthfulness of knowledge across places, 
together with the cosmopolitan orientation of the participants, created a potential 
for adoption of the European tradition in the non-Western civilizations. 

The non-Western civilizations encountered European civilization mainly 
through its military, political, economic, and religious expansion. European 
intruders were not interested in imposing the European scientific tradition on 
indigenous peoples, but brought local people into contact with European goods 
and equipment; systems of communication, transportation, extraction, and pro- 
duction; and means for curing diseases and conducting warfare. Some local peo- 
ple considered European techniques better than their own and therefore judged 
European knowledge worth obtaining. Their efforts to import that knowledge 
promoted interest in participating in the creation of such knowledge, especially 
when some went to study at universities in Europe where they acquired a taste for 
research and upon their return home advocated establishing scientific organiza- 
tions. This local legitimation and appreciation for science led to some autonomy 
for efforts to assimilate the tradition from the West (Adas, 1989, 1991; Altbach & 
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Selvaratnam, 1989; Eisemon & Davis, 1991; Petitjean; Jami & Moulin, 1992; 
Shils, 1976, 1991). The adoption of the scientific tradition seems to have pre- 
ceded the adoption of other Western traditions such as the ideology of human 
progress and rationalization. The institutionalization proceeded, albeit with fra- 
gility and frequent moves toward deinstitutionalization, mainly around the 19th 
century in the non-colonial societies and also in the colonial societies, despite 
many colonizers' opposition. Institutionalization was one step of institution- 
building; the other step was to establish social arrangements for practicing sci- 
ence. . , 

The institutionalization was accompanied by establishing institutional 
arrangements comprizing a specific social role or vocation for science, organiza- 
tions for housing the scientific role, and arrangements for mobilizing needed 
social resources. Such arrangements, established in every society, are strikingly 
similar around the world. The similarity of institutional arrangements can be 
explained by their common source in world standards, both model arrangements 
diffusing through the web of scientists from center to periphery and doctrines 
promulgated by a global science policy regime. 

Over the centuries scientific ideas and institutional arrangements have dif- 
fused from a center, located where scientists have recognized the greatest accom- 
plishment (Ben-David, [1971] 1984; Shils, [1961] 1972a, [1961] 1972b). Scien- 
tists have attributed the achievements of the center partly to its institutional 
arrangements and therefore considered the center arrangements to be especially 
effective. In addition, their deference toward the achievements created in these 
institutions have infused a sense of appropriateness in the center arrangements so 
they have become standards to which adherence is expected. The foreign observ- 
ers' beliefs in the effectiveness and in the appropriateness of the center arrange- 
ments have made them standards for imitation in their home countries (Schott, 
1980, 1987b). Notably, non-Western participants regarded Western practitioners 
of science as role-models and the Western role-definition of a "scientist" became 
imitated as a new role in the non-Western societies. This role of assimilator-cre- 
ator-disseminator of knowledge also included a cosmopolitan orientation and an 
identity as a participant in a communal endeavor transcending traditional civili- 
zational boundaries. Modified by the local social ecology, organizations for the 
practice of science were likewise established in the non-Western societies as cop- 
ies of Western organizational forms such as the university and the scientific acad- 
emy. Mobilization of social resources has been regularized, as in the West, by 
taxes, by grants and contracts for research, and by combining science with higher 
education. 

Institutional arrangements are established not only by the process of diffu- 
sion of center models through the global scientific community, but also by adher- 
ence to doctrines promulgated by the global science policy regime, that is, the 
complex of arrangements shaping science policy around the world (King, 1974; 
on international regimes in general, see Young, 1989). Science policy, including 
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doctrines of science and policies for and through science, is increasingly formu- 
lated and advocated by a regime sustained by and operating through a network of 
organizations such as the United Nations Educational, Scientific and Cultural 
Organization (Unesco), the Organization for Economic Co-operation and Devel- 
opment (OECD), the Rockefeller Foundation, and the World Bank. These scien- 
tistic doctrines become standards that are adhered to around the world partly 
because organizations such as Unesco and OECD work through experts in ratio- 
nal organization and acceleration of progress with authority to design and recom- 
mend policies and strategies, because organizations such as the Rockefeller 
Foundation sponsor scientific endeavors selectively around the world, and 
because organizations such as the World Bank make loans to a state contingent 
on its policy for science. The scientistic doctrines of the global science policy 
regime are also influential because by adhering to the standards, nation-states and 
their leaders can enhance their esteem as participants in the emerging global civi- 
lization of modernity in which the scientistic doctrines are part of the prevailing 
broad ideology of human progress that is also promulgated by these organiza- 
tions. Indeed, the global science policy regime is an element of the world-polity 
(Meyer, 1987; Ramirez, 1987). Science continues to be considered a component 
of the progress of individuals, nations, and humankind, and there is a widespread 
belief that such progress can be accelerated by rational organization and mobili- 
zation of resources for the pursuit of science. The meaning of human progress, 
though, is no longer mainly religious, but focuses on social and economic 
growth, power, and wealth. In mighty and wealthy societies, progress is consid- 
ered in terms of national security and competitiveness (Hill, 1989), and in poor 
societies it is concretized in terms of catching-up, development and moderniza- 
tion (Apter, 1974; Sagasti, 1979; Shahidullah, 1991). Thus the rapid growth of 
scientific activity in virtually all societies since mid-century can be explained as a 
result of the scientism and the doctrines promulgated by the global science policy 
regime (Ben-David, 1991: 521-59). 

The science policy regime also shapes communal participation. The rational 
organization of science for national progress is thought to require integration of 
the national research endeavor with world science. The doctrine against intellec- 
tual protectionism, combined with the scientists' cosmopolitanism, counteracts 
parochialism and enhances participation in communal formations spanning the 
globe. 

Although each scientist knows very few of the other practitioners, they con- 
sider themselves cultivators of a collective tradition, forming not only local com- 
munities but even a global community (Anderson, 1983). Their sense of intellec- 
tual and moral communion is reinforced by their ties across social divisions and 
long distances and by institutional arrangements such as the Nobel Prize ritual 
and international scientific meetings and organizations, e.g. the International 
Council of Scientific Unions, and the agreement on free dissemination of scien- 
tific literature, an international agreement that is vital. The global scientific com- 
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munity of all scientists is informally organized into a global web of collegia] ties. 
Between the macro-level of the global scientific community and the micro-level 
of the individual scientist are numerous intermediate groupings. The kinds of 
groupings commonly examined are a Kuhnian community of specialists, a 
research team, the scientists in an organization, and those in a country (reviewed 
by Shrum & Mullins, 1988). Specialization, membership in a research team, 
organizational affiliation and societal location are groupings that all shape the 
web of ties among scientists (e.g. Schott, 1987a; Shrum, 1985). For understand- 
ing national participation in science, an especially significant grouping is the 
national scientific community. The national scientific community of the scien- 
tists in a country is informally organized by the web of their ties with one another 
and with foreign colleagues. Their foreign ties shape national participation in 
world science. Individual participation in world science can be described by the 
concept of a social circle consisting of a scientist's web of collegial ties with the 
local and distant peers who are significant for the scientist's work. These indi- 
vidual, national, and global webs are nested: a scientist's collegial circle is nested 
in the web of the scientist's national scientific community, which in turn is nested 
in the global scientific community. These web enable network modeling (Schott, 
1991a). 

Brazil in regional and peripheral locations 

The scientific tradition is being adopted in virtually every society around the 
world. Science is becoming legimated and appreciated and practiced with sup- 
port and backing from the local population or at least from a powerful stratum of 
the society. Science is being valued variously as an endeavor worthy in itself and 
variously for its multiple uses in nation-building and national development, and 
perhaps also as a symbol of modernization signalling participation in the world 
system of significant societies. Institutional arrangements for scientific activity 
are typically not local innovations but are usually modeled on arrangements pre- 
vailing in the place of highest performance, the center of world science. Scien- 
tists from much of the world congregate in the center. They consider the institu- 
tional arrangements in the center as most appropriate and also as most efficient 
insofar as the high performance of the center plausibly can be attributed to its 
institutional arrangements. 

Despite the widespread modeling of the central institutional arrangements, 
however, there are considerable differences among societies in their institutional- 
ization of science. Institutionalization differs among societies in degree and 
manner. Societies differ in their appreciation of science, in their granting of 
autonomy, in their provision of social resources, and in their institutional arrange- 
ments for science, and this shapes their scientific activities, including their 
research performance (Schott, 1987b). Scientific activity in a small national sci- 
entific community cannot be self-reliant — not even Soviet research was self- 
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reliant (Schott, 1992a, 1992b). Local scientific work is more or less integrated 
with scientific traditions elsewhere, especially in the places of greatest creativity 
World science has had its shifting center, the center was in England at time of 
mstautmnalization, then moved to France, then to Germany, and since World 
War II the major center has been in the United States (Ben-David, [1971] 1984) 
with Western Europe emerging as a secondary center (Schott, 1 99 1 b) Scientifi ' 
cally small countries have tended to be peripheries that are attached to and vari- 
ously integrated with the center (Shils, [1961] 1972a, D961] 1972b). Integration 
of the periphery with the center shapes the specialization in the periphery and 
enhances performance (Schott, 1987b, 1992a). 

This study focuses on a scientifically rather small country, Brazil I shall 
ascertain Brazilian research performance and specialization and examine the 
manners and degrees of integration of Brazilian research into world science I 
shall also attempt to ascertain how these developments have been shaped by the 
institutionalization of science in Brazil. 

Brazilian society is part of .the Latin American region. Brazil has rather 
intense links with other Latin American societies in most cultural domains espe- 
cially ,n religion and life style. In the economic and political spheres, Brazil par- 
ticipates in the regional life of Latin America and is dependent on trade and polit- 
ical links with other continents, mainly North America and Europe. Scientific 
ties are partly embedded in political-economic and other links (Schott 1988) 
But insofar as scientists are attracted to loci of creative work, their scientific ties 
may also transcend political and economic constraints, so also for this reason we 
would expect Brazilian scientists to pursue ties with colleagues in the North 
American and Western European centers of world science. In short, we would 
expect Brazilian research to be attached to and variously integrated with science 
done in elsewhere in Latin America, in North America, and in Western Europe. 

Historical and comparative perspectives: changes and contrasts 

My purpose is to ascertain contemporary science in Brazil. But contempo- 
rary science can be understood better when contrasted to its own past and to sci- 
ence elsewhere. Therefore I adopt a historical perspective and shall ascertain 
changes in recent decades (as many years as time series data are available which 
is back only a few decades). Furthermore, I adopt a comparative perspective and 
shall contrast Brazil to a place that is similar in its institutionalization of science 
and therefore expectedly also similar in its research, namely the rest of Latin 
America, and I shall compare Brazil to a place that is different in its institutional- 
ization of science and therefore expectedly also different in its research, namely 
Israel These two comparisons are suitable insofar as one is highly similar to and 
the other IS highly different from Brazil in institutionalization of science. 

I shall attempt to provide an interpretation that is up to date. However 
although data go up to 1992, they tap outcomes of processes that have occurred 
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over some years. For example, I shall use indicators derived from publications 
up to 1992. But, typically, publications appear a year or so after submission of a 
manuscript and a manuscript is the result of a project conducted in the preceding 
year or so which has been designed earlier on the based of influence received 
even earlier. I shall use responses from interview surveys of scientists which I 
directed around 1991, but the questions focused on the scientists' activity in the 
period from 1985 to time of interview. Futhermore, changes in policy and in 
funding do not have instant effects but affect scientific activity, especially results 
of research, with a lag of some years (for example, funding reductions in the 
United Kingdom entailed decline in publications only about three years later; Irv- 
ine et al„ 1985). I am emphasizing that the effects are lagged because the recent 
acknowledged crisis in Brazilian science (see, e.g. Schwartzman, 1991: chap. 10) 
may not yet have had its impact on the currently available outcome measures up 
to 1992. 

My study of individual, national, and global communal formations in sci- 
ence takes an institutional and interactional approach — the institutional 
approach is reviewed in Zuckerman (1988) and the interactional approach is 
reviewed in Shrum & Mullins (1988). My conceptualization of nested commu- 
nal formations was developed over the years mainly from the general center and 
periphery theory — e.g. Greenfeld & Martin (eds.), (1988), see especially the 
essay by Shils. Accordingly, my perspective shares much with world-polity the- 
ory (e.g. Meyer, 1987; Ramirez, 1987) and globalization theory (Robertson, 
1992) and complements or supplements the more specific political-economic 
world-systems theory (e.g. Chase-Dunn, 1989) and organizational field perspec- 
tive (e.g. Powell & DiMaggio, 1991; Shrum, 1985). The general usefulness of 
my nested-level approach for disentangling complex local and global dynamics 
has been emphasized by Knoke (1990: 201-2), and it is compared and contrasted 
to the organizational approach to research endeavors by Shrum & Bankston 
(forthcoming). 

Institutionalization of science in Brazil, other Latin America, and Israel 

Science has become institutionalized in Brazil, in other Latin American 
societies and in Israel insofar as science is legitimated, appreciated and practiced 
with public backing and support. Science is appreciated in these societies partly 
as a cultural endeavor in its own right and partly for its multiple uses, notably for 
nation-building and national development in higher education, industry, agricul- 
ture, health services, the military, and as a channel for social mobility. The soci- 
eties differ, however, in the firmness and pervasiveness of institutionalization and 
in their institutional arrangements for practicing science. 

In Brazil, like in other Latin American countries, an emerging local scien- 
tific community has in the course of this century created a space for natural, med- 
ical and technological science around research institutes, some of the hospitals 
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and some of the universities (on Brazil, see Schwartzman 1978, 1991, esp. part 2; 
Velho, 1990; Velho & Krige, 1984; Verhine, 1991; and also Ben-David, 1976, 
1987; on other parts of Latin America, see Albornoz, 1991; Frame, 1977; Glick, 
forthcoming; Inter-American Development Bank, 1988; Levy, 1986; Schwartz- 
man, 1985, 1986; Vessuri, 1986, 1990). But most of the up toward one hundred 
universities and university-like institutions in Brazil, like the many professional 
schools and other tertiary schools, have primarily emphasized teaching. In by far 
most of the nearly one thousand tertiary institutions in Brazil, research has not 
been a significant organizational purpose, and the faculty has had little training 
and experience in research and has not engaged in training researchers. The 
small space for the education of researchers implied that when the educational 
system expanded rapidly since the late sixties in Brazil, like in other Latin Amer- 
ican societies, the supply of researchers was far below the number of available 
academic positions, which in turn entailed a perpetuation of the two-tier aca- 
demic system of a small fraction of research-oriented universities and a mass of 
teaching-oriented universities and professional schools. The financial support 
for scientific research, furthermore, has been rather turbulent and the public 
backing of science as a value in itself and as a means for national development is 
not widely rooted. The institutionalization of science is therefore rather precari- 
ous in Brazil and elsewhere in Latin America. 

Earlier studies comparing scientific research in Brazil to that in other Latin 
American countries have found Brazil to be rather typical of Latin America with 
respect to social and human resources expended on scientific activity relative to 
population, such as stock of scientists and engineers, employment of scientists 
and engineers in research and experimental development, and expenditures on 
research and experimental development. Brazil has also been rather typical in 
terms of outcomes of scientific activity such as scientific publications relative to 
the national economic product and the influence of these publications on world 
science (Inter-American Development Bank, 1988). This similarity between 
Brazil and the rest of Latin America in both institutional conditions and some 
outcomes of course entails the hypothesis that the more detailed analyses under- 
taken here will show more similarities. Indeed, insofar as similarities are shown 
by all indications in the analyses, this will show the reliability of the indicators. 

Israel provides a contrasting case. Israel is already known to be exceptional 
among the societies in the world by its high extent of scientific activity. Already 
in the sixties were Israeli scientific authors exceptionally numerous relative the 
the national economic product (Price, 1986). This high scientific activity has 
continued until today when Israel is the nation with the higest number of scien- 
tific articles relative to population and also relative to gross national product 
(Schott, 1993a). This exceptional activity is the results of several conditions. 

In Israel science has been highly appreciated, both in the dominant stratum 
and increasingly throughout the population (Ben-David, 1962, 1964, 1986, 1991: 
chap. 3 with Aran and chap. 13 with Katz; Katz, 1979; Tal & Ezrahi, 1973; 

235 



1 



Zahlan, 1970). There has been a traditionally high appreciation of learning in the 
Jewish culture and there has been a historically high tendency among Jews in 
Europe and North America to pursue higher education and scientific activities. 
Israeli society has an especially high demand for new and useful knowledge and 
for highly educated labor in several sectors, specifically health services, agricul- 
ture, industry, and the military in particular. The Israeli government and the aca- 
demic institutions have had a policy of treating knowledge as a commodity that 
can be produced in a transnational market for research, notably by obtaining 
research grants and contracts from local and foreign funding sources. In short, 
science has in Israel been treated as a cultural endeavor as well as a social and 
economic investment, especially somewhat like an export industry. 

Israeli science is institutionally integrated with higher education, seemingly 
more than anywhere else in the world. By the middle of this century the Israeli 
institutions of higher education were all converging on the 19th century German 
university model combining research and teaching and were also all modeling the 
American education of researchers through doctoral programs. This widely insti- 
tutionalized training has produced a supply of researchers largely matching and 
occasionally even exceeding the demand for academic staff in the expanding 
Israeli system of universities (Ben-David, 1986; Schott, 1987a). By the early 
seventies the Israeli research enterprise had crystallized as an essentially one- 
tiered set of seven universities and several university-related hospitals perform- 
ing by far most of the research in the natural, mathematical, medical and techno- 
logical sciences. The Israeli universities have been similar insofar as they all 
emphasize scientific research far more than teaching or direct service to the local 
community, provide research facilities and have a moderate teaching load. The 
self-governing faculty have been appointed largely on the basis of research 
accomplishment and the typical qualification for entry into an academic career 
has been a doctoral education and postdoctoral research training, frequently 
abroad, and some research experience. Likewise, advancement up through the 
several levels in the professoriate has been based chiefly on the criterion of 
accomplishments in research. These standards have been promoted by including 
foreign eminent scientists in the evaluation of staff, departments and universities, 
and also on the editorial boards of the journals published in Israel. Moreover, the 
universities and their affiliated hospitals have been providing facilities for 
research and have been promoting ties with foreign colleagues in several ways, 
by annual travel funds to each scientist and regularized sabbaticals and frequently 
granted leaves of absence for sojourns in foreign research institutes, and also by 
bringing visiting scientists from abroad. Actually, the policies of the Israeli 
authorities in government and the academic institutions have included establish- 
ing rather comprehensive bilateral scientific cooperation agreements with foreign 
institutions and countries, for example the United States-Israel Binational Sci- 
ence Foundation. These comprehensive institutional arrangements have pro- 
moted an uncommonly strong integration of Israeli research with the centers of 
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SchmU9 e 87 C b) WhiCh ^ tUm h3S enhanCSd *' reSCarCh perfomiance (Katz - l97 *> 
The differences in institutionalization of science makes Israel a contrast to 
Brazil, a contrast that expectedly is informative insofar as it can be used to ascer 
tain and explain developments in Brazilian research. 

Concepts and their indicators based on the literature and a survey 

The concepts for describing the scientific research enterprise are either 
attributes or relations. Performance is an attribute, a characteristic of a scientist 
or in the aggregate, of a national scientific community. Specialization is also an 
attribute, here a characteristic of a national scientific community. The other con- 
cepts are kinds of role-relations between scientists or, in the aggregate, between 
their national scientific communities (Burt & Schott, 1989). I shall consider six 
analytically distinct kinds of role-relations _ namely deference, travels influ- 
ence, collaboration, emulation, and concern for recognition. I shall briefly con- 
sider each concept and how the concept can be measured by one or two mdica- 

sr 5 erf °, r T Ce In Sdentifk research refers to the crea ti°n °f new public scien- 
tific knowledge. Performance in a country can be indicated by the articles in the 
worlds major journals in science which are written by authors in the country 
Another indicator is the extent to which the articles written in the country are 
subsequently cited in the literature. Two other indicators are the extents to which 
scientists in the country are named as principal contributors or as influences on 
researchers surveyed in other parts of the world. These four measures are indica- 
tors of scientific performance. 

Specialization refers to the substantive foci of scientific attention, the culti- 
vation of some rather than other fields of research. Specialization in a country 
can be indicated by the concentration of publishing in some disciplines and sub- 
disciplines. 

Deference of researchers refers to their appreciation of others' performance. 
Researchers deference toward performance can be indicated by asking them to 
name principal contributors to the field. 

Travels by researchers can be indicated by asking them to report their visits 
to other institutions and their participation in meetings abroad. 

Influence upon research refers to the transfer of intellectual material and its 
impact on research. Influence upon researchers can be indicated by asking them 
who influenced their research. Another indicator of influence upon researchers 
can be based on their bibliographic citations to earlier publications. 

Collaboration refers to joint research. Collaboration between researchers 
can be mdicated by asking researchers about their work jointly with others 
Another indicator of collaboration is jointly authored publications 
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Emulation refers to competition among researchers to excel in the perfor- 
mance of the scientific role. A researcher's emulation can be indicated by asking 
about felt competition with others to be first or best in research. 

Recognition refers to the validation and acknowledgment of contributions to 
public knowledge, and as a social reward for role performance such recognition 
is often of great concern to a researcher. A scientist's desire for recognition from 
others can be indicated by asking about caring about others recognizing the 
research. 

These indicators are based on data from two sources: the literature of world 
science and surveys of scientists in Brazil and other countries. Some of the 
above concepts have several indicators, based on different approaches. This 
enables methodological triangulation by which the imperfection of each 
approach is countered by using several approaches. Influence, for example, can 
be indicated both by survey data and by literature data. Questionnaire responses 
to a question asking about influence are not perfect, e.g. because the sample is 
not perfectly representative or because the respondent does not recall influences. 
Also citations in articles are far from perfect, e.g. because not all influence is 
reflected in citations and because not all citations reflect influence. But if sur- 
veys and citations show similar distributions then we consider the indicators 
rather reliable. 

The literature-based indicators for this study are derived from the Science 
citation index which largely covers the world's important journals in the natural, 
medical and technological sciences, including journals published in the poorer 
parts of the world (Frame, 1985; Garfield, 1979, 1983a, 1983b; Stevens, 1990). 
The main criterion for including a journal is its quality or impact, so the volume 
of indexed articles written by authors in a country is a reasonably good indicator 
of research performance in the country. Since 1973, the number of indexed arti- 
cles has exceeded 260,000 annually. Annually, more than 4,400 of the articles 
were coauthored between people at different institutions. And the articles 
indexed in 1980-82 contained more than 1,835,000 citations referring to indexed 
articles published in 1978-80. The citations and coauthorships are indicators of 
influence and collaboration occurring in collegial ties. These indicators derived 
from the scientific literature are far from perfect, especially when the focus is on 
the areas of the world where there may be considerable research for local dissem- 
ination but few journals are published with significant impact on world science 
(Eisemon & Davis, 1989; Frame, 1985; Moed, 1989; Morita-Lou, 1985). This is 
one reason for supplementing the literature-based indicators with survey data. In 
fact, the survey yields indications similar to the indications derived from the liter- 
aure and thereby validate the indicators based on the literaure. 

The other indicators are derived from a survey of collegial ties among scien- 
tists in Brazil, elsewhere in Latin America, and in Israel, using a questionnaire 
administered during 1990/91. Focusing on collegial networks, the unit of analy- 
sis will not be a respondent but a relationship or a dyad of researchers within a 
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country or in different countries. More precisely, the unit of analysis will be var- 
iously a travel (a visit to another institution or a trip to a conference), an expres- 
sion of deference, a named influences a collaborator, a competitor, or another 
specific kind of role-relation. Brazilian, other Latin American, and Israeli partic- 
ipation in collegial networks will in the analyses be indicated by their reported 
709 travels, 499 expressions of deference, and 1,228 influencers, and so forth, as 
listed in the tables. These relations were reported by 167 scientists, namely 64 in 
Brazil, 87 in other parts of Latin America (47 in Chile and 40 in Uruguay), and 
16 in Israel. 

Scientists were selected for the survey as follows. In each country I selected 
a geographically circumscribed site for survey. In Brazil, the site was a large city 
some distance from Sao Paulo with a large university with considerable research 
in the natural, medical and technological sciences. In the other part of Latin 
America, the sites were the capitals in Chile and Uruguay. In Israel the site was a 
city with a comprehensive university. These sites were selected because of avail- 
ability of contacts and local interviewers. In each site the respondents were sam- 
pled mainly from a list, namely the list of authors of articles covered by the Sci- 
ence citation index which has a listing of authors in each city in the geographi- 
cally arranged author index. The most recent list provided a sample of authors 
which was classified into disciplines according to the classification of journals 
they published in. This provided a classification of the sampled scientists into 
the disaggregate of science as eight disciplines: clinical medicine, biomedicine, 
biology, chemistry, physics, earth and space science, technology and engineering 
science, and mathematics. Each discipline is so broadly defined that the eight 
disciplines comprize all sciences. In each site the respondents were thus ran- 
domly sampled. However, this does not assure representativeness. 

The restrictive selection of sites, one or two cities in each place, implies that 
the ties of the selected respondents are not assured to be representative of the ties 
of all scientists in Brazil, the other part of Latin America, and Israel. Representa- 
tiveness can be gauged by methodological triangulation. It turned out, as will be 
shown in the tables, that in each place the respondents' reported collaborations 
and received influences are similar to the collaborations and influences indicated 
by the coauthorships and the citations in the articles by authors in the place. 
Therefore we can be reasonably confident that the ties reported by the respon- 
dents are rather representative of the ties of all the scientists. 

The participation rate in the survey in each site exceeded 90 per cent of the 
contacted scientists (except that I do not know the participation rate in Israel) and 
the response rate on any single item in the questionnaire was also above 90 per 
cent. 

A questionnaire was used for tapping ties of the respondents. The question- 
naire briefly asked for attributes of the respondent such as education, career, 
research orientation (pure versus applied research), and research mode (experi- 
mental versus theoretical). Travels were tapped by two questions, Which institu- 
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tions have you visited in the last 12 months? and To which conferences abroad 
have you gone in the years from 1985 to present? The respondent's deference 
was tapped by asking about contributors, Who are the people in the world who 
have performed the best scientific research in your field since 1985? noting also 
the place of each named contributor. 

The main part of the questionnaire tapped the collegial circle around the 
respondent. The interpersonal circle around a respondent can be tapped by first 
identifying the significant others and then asking about their attributes and their 
relations, a procedure that has recently gained codification by adoption in the 
General Social Survey in the United States (Burt, 1984), In my survey, each sci- 
entist listed significant colleagues in response to the question, Who are the people 
whose specific ideas have influenced your research since about 1985? 

The tie to each named colleague was tapped by the following questions: 
Through which media did their ideas influence your research? 
To what extent has each person influenced your choice of problems for research? 
To what extent has each person influenced your research through your reading of 
the person's publications? 

To what extent has each person influenced your research through personal com- 
munication? 

To what extent has the person been a collaborator on your research? 
To what extent do you feel that you and the person are competing with one 
another to be first or best in research? 
To what extent do you care about each person 's recognition of your research? 

The attribute of a named colleague which is crucial for this study is of 
course the colleague's location, Where in the world is each person? 

This questionnaire provides rather detailed information on collegial net- 
works (for validation, see Schott, 1992b). 

The surveyed scientists were mostly working in academic settings, in uni- 
versities or in university-affiliated hospitals. Typically they had a doctoral 
level education and were performing research for publication in the literature 
gaining international circulation. In each place roughly half reported to be 
doing mainly pure research and roughly half reported to be doing mainly 
applied research. In each place, several were doing primarily theoretical work 
and several were doing primarily experimental work. The age composition 
was also similar across the places, most had obtained their highest degree in 
the seventies or first half of the eighties, a few were further in their careers and 
a few had less experience. The groups of respondents were thus rather similar 
in these personal background characteristics. They differed, however, in their 
participation in the international collegial networks, as will be shown in the 
later analyses. 
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Performance and specialization in research 

How much of the world's scientific research has been performed in Brazil 
and how does this compare to the size of the country in terms of population and 
economy? How much of the world's research in each discipline has been per- 
formed in Brazil? What have been the directions of specialization in Brazilian 
research? How have the performance and the specialization changed during 
recent decades? B B 

Performance in Brazil and in every other place is here indicated by its scien- 
tists share of scientific articles, the extent to which their articles are cited in 
other articles, other researchers' mentions of them as principal contributors and 
mentions of them as influencers upon research elsewhere in the world These 
four indicators of scientific performance are juxtaposed to two important condi- 
tions of science (Teitel, 1987), namely the share of Brazil in the world's popula- 
tion and Gross National Product, as listed in table 1 . 

Table 1 shows that Brazil is a scientifically small country, performing much 
ess ftan 1 per ce nt of the scientific research in the world, and this attracts much less 
that 1 per cent of the citations in subsequent literature. No Brazilian scientist was 
among the nearly three thousands mentioned as principal contributors or significant 
mfluenuals in a survey of scientists elsewhere. Brazilian research amounted to a lit- 
fle less than half of the research performed in the rest of Latin America and about a 
Aird of thatperformed in Israel, where scientific performance was high as indicated 
by the rather frequent mentioning of Israelis as great contributors and influential 
In economy and population, Brazil is roughly half the size of the rest of Latin Amer- 
ica, as hi science. But Brazil is a whole order of magnitude larger than Israel in 
terms of the economy and even more in terms of population and yet far less research 
is performed in Brazil than in Israel. This shows that scientific performance in a 
counny is not a reflection of the size of the country in terms of population or econ- 
omy (there is only a very weak correlation with population and a weak correlation 
with the economy; see Schott, 1991b). These differences in scientific performance 
seem shaped by differences in institutionalization of science. 

Brazil and other Latin American countries have in recent decades been investing 
many human and material resources in expanding their scientific activities So the 
question ,s not only one of the width of the gap to nations with higher scientific per- 
formance, but the question is also whether the gap is narrowing. The historical per- 
spective ,s adopted by examinmg data from different years (table 2). The available 

tthSTrf, T dCCadeS m mf0 ^^ not spiled by exactly the same 

method, but they are from similar sources, so the different counting methods presum- 
ably do not alter the indications. The earliest data are counts of authors recorded in 
^Current contents which is published by the Institute for Scientific Information 
Aat also publishes the Science citation index, which has been used to count articles 
from the seventies to the eighties and to estimate the volume of listings up to 1993. 
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Tkble 1 

Scientific performance, juxtaposed to economy and population 

Percentage distribution of articles, 1986. 

Percentage distribution of citations, 1980-85. 
Percentage distribution of contributors named in a survey. 
Percentage distribution of influencers named in a survey. 
Percentage distribution of Gross National Product, 1986. 

Percentage distribution of population, 1986 



Performance in scientific research 



Gross 
National 



Articles Cites Contributors Influencers Product Population 



Brazil 


.3 


.2 


Other LA 


.8 


.4 


Israel 


1.0 


.9 


North America 


40.9 


54,8 


Western Europe 


30.8 


30.8 


Rest of world 


26.1 


13.0 





.1 

2.0 
49.0 
35.2 

13.7 





.3 

.6 

45.9 

33.9 

19.3 



1.7 

3.0 

.2 

31.3 
22.7 
41.2 



2.8 
5.3 

.1 

5.4 

7.2 

79.2 



Notes: The percentages in each column sum to 100 per cent except for rounding. 
Sources: Articles (298,815) are from a dataset derived from the Science citation index for 1986 
(Institute for Scientific Information) (dataset compiled by CHI Research; Stevens, 1990). 
Citations (exceeding 5 million) are derived from the Science citation index 1980-85 (Institute for 
Scientific Information) (data published by Schubert et al„ 1989). 

Contributors (759) and influencers (2,159) are reported in a survey of scientists in Bangladesh, 
Czechoslovakia, Greece, India, Indonesia, Japan and the then Soviet Union (Schott, 1992b). Their 
mentions of compatriots are excluded from the counts. 

Gross National Product is from World Bank. World Tables 1989-90. Baltimore, Johns Hopkins Uni- 
versity Press); Shoup, P. S. The East European and Soviet data handbook. New York, Columbia 
University Press, 1981; and Taylor C. L. & Jodice, D, A. World handbook of political and social 
indicators. 3rd ed. New Haven, Yale University Press. 

Population is from World Bank, World Tables 1989-90. Baltimore, Johns Hopkins University Press; 
United Nations. Demographic yearbook 19S7. New York, United Nations, 1988. 



Table 2 indicates that Brazilian scientific performance grew considerably in 
its share of world science from the sixties throughout the seventies and the eight- 
ies to the early nineties. Research in the rest of Latin America grew slowly from 
the sixties to the early eighties but leveled off around the early eighties and has 
been rather constant in the last decade. Israeli research grew during the early 
seventies and was a rather constant share of world science from the mid-seventies 
through the mid-eighties but its share has been declining in recent years. Con- 
stant share of a place during a growth of world science of course means a contin- 
ued growth of research in the place. 
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Table 2 

Changes in scientific performance 

Authors in Brazil, in the rest of Latin America, and in Israel, as percentage of the world's 
authors in Who is publishing in science, annually, 1967 to 1973. 

Articles by authors in Brazil, in the rest of Latin America, and in Israel, as percentage of 
world's articles in a fixed set of journals in the Science citation index, annually, 1973 to 1986 
Listings of articles by authors in Brazil, in the rest of Latin America, and in Israel, as per- 

centage of the world's volume of listings in the Science citation index, 1975 to 1993 

Brazil Other LA Israel 

% 



Authors 
1967 


.17 


.38 


.92 


1968 
1969 
1970 


.14 
.18 
.19 


.50 

.35 
.45 


.87 
.87 

.77 


1971 
1972 


.19 

.24 


.43 

.46 


.86 
.90 


1973 

Articles 


.28 


.60 


.91 


1973 
1974 
1975 


.21 

.25 
.27 


.73 
.71 
.65 


.96 

.97 

LOO 


1976 


.31 


.63 


1.02 


1977 


.31 


.63 


1.07 


1978 


.31 


.64 


1.03 


1979 


.35 


.67 


1. 01 


1980 


.36 


.71 


1.02 


1981 


.38 


.76 


1.00 


1982 
1983 


.33 
.35 


.81 

.81 


1.08 
1.07 


1984 


.36 


.78 


1.05 


1985 


.35 


.79 


1.08 


1986 
Listings 


.35 


.82 


1.02 


1975-79 
1980-84 
1985-89 
1990 


.40 
.49 
.54 
.63 


1.07 
1.19 
1.22 
1.25 


1.05 

1.11 

1.10 

.97 


1991 
1992 
1993 (Jan./Feb.) 


.69 
.71 

.74 


1.25 
1.29 
1.20 


.96 
.93 
.96 



„ — -,--- —.- V, '"""w »uu« cAtccucu iuj.uuu annu- 

ally. 

Source: Authors are from Who is publishing in science (Institute for Scientific Information)' the 
numbers of authors are listed in Price, 1986: 203-5. 

Articles are from the Science citation index from 1973 to 1986 (Institute for Scientific Information)- 
they are the articles in a set of journals that has been constant, namely fixed as those indexed in 1973 
and articles are classified by address of author (dataset compiled by CHI Research- cfr Stevens 1990) 
Listings are from the published Science citation index 1975 through Feb. 1993; the percentage for a 
country is its percentage of the printed columns in the geographical section of the author index. 
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Another way to consider these shifts is in terms of rank ordering. 
According to the listings, Israel ranked 15th among the nations in scientific 
activity in 1975-79 and was in the eighties surpassed by Spain and the Peo- 
ple's Republic of China, so that Israel moved down to 17th in science by the 
early nineties. Brazil ranked 26th in 1975-79, trailing Austria, Norway, Fin- 
land, Czechoslovakia, Hungary and South Africa, which it surpassed in the 
eighties, during which it was surpassed by the People's Republic of China, so 
that Brazil moved up to be the 21st among the nations in scientific activity by 
the early nineties. 

Let me, however, reemphasize that the continued growth in Brazilian sci- 
entific activity as measured by this outcome up to 1993, does not fully capture 
the developments in the early nineties because of the timelag between perfor- 
mance of research and its resulting publication. The precarious institutional- 
ization of science in Brazil makes science very vulnerable to political and eco- 
nomic crises and the current turbulence, crisis and decay in Brazil is quite 
likely to lead to some withdrawal of social support for science (Schwartzman, 
1991: chap. 8). Following the decades of enthusiasm and growing support for 
science, which gave the scientists considerable self-confidence, the recent 
lessening of appreciation of science and a leveling of support is likely to lead, 
if not to contraction of the national endeavor, to a loss of sense of purpose and 
meaning among scientists, a situation of anomie (Ben-David, [1971] 1984: 
chap. 9). 

National research endeavors are not evenly distributed across fields of sci- 
ence, but are more or less concentrated in selected fields. The selection of foci of 
attention in a country entails a national specialization. Diversity among countries 
in national specialization entails a global division of labor in research. Special- 
ization can be revealed when controling for the research performance of each 
place. I shall therefore indicate the specialization in a particular field in a country 
not only relative to the world effort in the field but also relative to the overall 
research effort of the country. Specialization in a particular field is high to the 
extent the measure exceeds 1 and it is low to the extent the measure is less than 1 , 
as listed in table 3. 

Table 3 shows that Brazilian research was somewhat specialized. Whereas 
the Brazilian cultivation of the disciplines of biomedicine and earth and space 
science was similar to their cultivation in the world as a whole, Brazilian research 
emphasized biology, physics and mathematics, with comparatively less research 
in clinical medicine, chemistry and technological science. This indication of spe- 
cialization is similar to an indication obtained by a somewhat different classifica- 
tion procedure which shows a Brazilian specialization in physics and mathemat- 
ics and a de-emphasis especially in chemistry but also in engineering (but did not 
separately classify clinical medicine, biomedicine, biology, and earth and space 
science; Schubert et al., 1989: 401). 
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Table 3 

Specialization into eight disciplines and their subdiscipunes, 70's and 80*s 

Ratio of the percentage of the articles from Brazil (from the other Latin America and fmm 

Israel) that are ,„ the (sub) discipline to the percentage of the worutSJ ^at 

are in the (sub) discipline 

Braril Other LA i srae i 



Disciplines and subdisciplines 



Clinical medicine 

General and internal medicine 
Allergy 

Anesthesiology 
Cancer 

Cardiovascular system 
Dentistry 

Dermatology and veneral diseases 
Endocrinology 
Fertility 

Gastroenterology 
Geriatrics 
Hematology 
Immunology 
Obstetrics & gynecology 
Neurology & neurosurgery 
Ophtalmology 
Orthopedics 

Arthritis & rheumatology 
Otorhinolaiyngology 
Pathology 
Pediatrics 
Pharmacology 
Pharmacy 
Psychiatry 

Radiology & nuclear medicine 
Respiratory system 
Surgery 

Tropical medicine 
Urology 
Nephrology 
Veterinary medicine 
Addictive diseases 
-Hygiene & ?uH«: health 
Miscellaneous clinical medicine 



1970's 1980's 1970's 1980's 1970's 1980*s 



.70 

.4 
l.S 
.2 
.3 
.4 
2.2 
.4 
.6 
1.6 
.8 
.1 
.2 
.6 
.6 
.6 
.2 
.2 
.4 
.2 
1.2 
.2 
1.8 
.3 
.2 
.3 
.1 
.7 
9.2 
.5 
2.8 
.5 
.7 
2.1 
.0 



.58 

.2 
.4 
.1 
.2 
.6 
1.1 
.6 
.6 
1.4 
.4 
.0 
.4 
.7 
.3 
.4 
.3 
.5 
.4 
.5 
.9 
.3 
1.1 
.1 
.1 
.4 
.5 
.6 
10.8 
1.0 
.9 
.5 
.8 
.9 
.1 
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3.1 
.8 
.1 
.6 
.6 
.8 
.7 
2.3 
5.2 
1.0 
.2 
.7 
.6 
1.6 
1.1 
.6 
.4 
1.2 
.3 
2.2 
.7 
1.0 
.3 
.4 
.4 
.9 
.5 
6.6 
.3 
1.1 
.6 
.6 
3.1 
.2 



1.13 

3.2 
.8 
.2 
.6 
.6 
.5 
.4 
1.5 
2.2 
.4 
.1 
.6 
.6 
.6 
.9 
.4 
.4 
.8 
.2 
.7 
.6 
1.2 
.1 
.2 
.2 
.7 
.3 
6.5 
.2 
.4 
.7 
1.0 
.5 
.3 



1.02 

1.2 
1.0 
.7 
1.0 
1.0 
1.8 
1.1 
1.1 
2.3 
.8 
1.7 
2.0 
1.5 
1.9 
1.0 
1.6 
1.1 
.5 
.9 
.8 
1.2 
.7 
.2 
1.0 
.5 
.8 
.8 
.6 
.7 
1.8 
.6 
.6 
.6 
1.4 



1.15 

1.6 
1.0 
.6 
1.1 
1.3 
1.7 
1.0 
.9 
2.4 
.9 
.9 
1.8 
1.2 
2.4 
1.1 
1.3 
1.9 
.8 
2.1 
.6 
2.0 
.6 
.3 
.9 
.5 
1.2 
.9 
.9 
1.1 
2.1 
.3 
2.2 
.6 
1.7 



(com.) 
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(cont.) _____ 

Disciplines and subdisciplines 



Brazil 



Other LA 



Israel 



1970's 1980's 1970's 1980's 1970's 1980's 



Biomedicine 

Physiology 

Anatomy & morphology 

Embryology 

Genetics & heredity 

Nutrition & dietetics 

Biochemistry & molecular biology 

E iophysics 

Cell biology, cytology & histology 

Microbiology 

Virology 

Parasitology 

Biomedical engineering 

Microscopy 

Miscellaneous biomedicine 

General biomedical research 

Biology 

General biology 

General zoology 

Entomology 

Miscellaneous zoology 

Marine biology & hydrobiology 

Botany 

Ecology 

Agriculture & food science 

Dairy & animal science 

Miscellaneous biology 

Chemistry 

Analytical chemistry 

Organic chemistry 

Inorganic & nuclear chemistry 

Applied chemistry 

General chemistry 

Polymers 

Physical chemistry 

Physics 

Chemical physics ________ 
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133 

1.1 

4.5' 

1.1 

2.3 

1.2 

.8 

.6 
1.9 

.6 

.2 
6.0 

1.7 

1.4 

.8 

1.5 

139 

29 

A 
1.4 
1.9 

5 
2.0 

.3 
1.3 

.1 

.5 

.72 

\2 
.7 

1.4 
.2 
.7 
.2 
.7 



1.60 

1.1 



1.03 

.7 

2.4 

.6 

1.6 

1.4 

.6 

.6 

1.9 

.7 

.2 

5.9 

1.0 

.4 

.6 

1.1 

1.60 

2.4 

.8 
1.8 
3.1 
1.1 
2.1 

.2 

1.3 
.4 

1.1 

.74 

1X5 
.6 
1.0 
.4 
.6 
.4 
1.1 

1.82 

1.0 



1.28 

3.5 
1.7 
1.0 
1.1 

2.3 

1.0 

.6 

1.1 

.6 

.5 
2.7 

.4 

.8 

.5 
1.4 

139 

.6 

.7 
1.2 
1.2 

.8 
1.5 
1.0 
2.1 

.3 
1.6 

.61 

.5 
.6 

.5 
.3 
.7 
.4 
.8 

.61 

.7 



.98 

1.7 
1.6 

.7 
1.3 
2.1 

.9 

.4 

.9 

.8 

.7 
2.1 

.6 

.4 
.4 
.8 

1.52 

.5 

.5 
1.4 
2.2 

.8 
2.1 

1.5 

1;6 

.4 

1.5 

54 

.5 
.9 
.7 
.5 



.7 
1.2 

.91 

.9 



1.13 

.5 

1.0 

.7 

1.4 
1.0 
1.6 

.6 
1.0 
1.1 
1.5 

.8 
1.1 

.2 

.7 

.8 

1.15 

.4 
1.5 

.9 
1.0 

.5 
2.0 



.9 

1.1 

.8 

.71 

.4 
1.2 
.5 
.3 
.5 
.8 
.9 

1.11 

2.1 



.98 

.4 

.9 

.8 
1.1 

.8 
1.2 

.9 

.9 

1.0 

1.2 

1.2 

1.6 

.3 

.6 

.8 

1.12 

.6 

1.3 

.8 

1.1 

.6 

1.7 

.6 

.9 

12 

.8 



.62 

.5 
.8 
.3 
.5 
.4 
.6 
.9 

1.15 

1.6 



(cont.) 



(cont.) 



Disciplines and subdisciplines 


Brazil 


Other LA 


Israel 


1970's 


1980's 


1970's 


1980's 


1970's 


1980's 


Solid state physics 


3.2 


4.0 


. .6 


1.2 


1.4 


1.0 


Fluids & plasmas 


.4 


.7 


.2 


.6 


1.3 


1.0 


Applied physics 


.8 


.9 


.3 


.5 


.8 


1.0 


Acoustics 


.1 


.2 


.7 


.7 


.8 


.7 


Optics 


.6 


.8 


.7 


1.1 


1.0 


1.6 


General physics 


1.7 


1.8 


.6 


.9 


.7 


.8 


Nuclear & particle physics 


22 


29 


1.1 


1.4 


1.6 


1.2 


Miscellaneous physics 


3.0 


3.0 


2.1 


3.2 


1.1 


1.1 


Earth and space science 


1.08 


1.24 


1.12 


U3 


»S 


.76 


Astronomy & astrophysics 


1.3 


1.5 


2.2 


2.3 


.8 


.5 


Meteorology & atmospheric science 


.2 


1.1 


.2 


.2 


.7 


.7 


Geology 


.8 


' .7 


.8 


.4 


1.0 


.8 


Earth & planetary science 


13 


1.5 


.7 


.6 


1.0 


1.0 


Geography 


.0 


.0 


.0 


.0 


.0 


.7 


Oceanography & limnology 


.4 


.4 


.6 


.9 


.4 


.5 


Technological science 


.44 


.63 


.33 


.48 


.83 


.95 


Chemical engineering 


.3 


.3 


.6 


1.1 


.8 


.8 


Mechanical engineering 


.3 


.3 


.2 


.4 


1.0 


1.4 


Civil engineering 


.4 


.5 


.7 


' .5 


2.0 


1.9 


Electrical engineering & electronics 


.7 


1.0 


.2 


.3 


.7 


.8 


Miscellaneous engineering & 
technology 


.0 


.0 


.0 


.0 


.6 


.0 


Industrial engineering 


.0 


- 


.7 


- 


1.1 


- 


General engineering 


.1 


.1 


.1 


.1 


1.6 


1.7 


Metal s& metallurgy 


.5 


.6 


.4 


.7 


.3 


.5 


Materials science 


3 


.6 


2 


.4 


.5 


.6 


Nuclear technology 


.6 


.5 


.6 


.6 


.5 


9 


Aerospace technology 


.4 


.3 


.0 


.1 


1.2 


1.4 


Computers 


.4 


.9 


.2 


.5 


1.3 


1.4 


Library & information science 


.3 


.9 


.6 


.2 


.2 


.8 


Operations research & management 
science 


.8 


.6 


.3 


.6 


1.9 


1.9 


Mathematics 


1.49 


1.58 


.49 


.71 


1.56 


1.61 


Probability & statistcs 


.7 


.9 


.7 


.7 


1.1 


1.5 


Applied mathematics 


.9 


1.0 


.4 


.7 


1.5 


1.6 


General mathematics 


1.7 


1.8 


.5 


.7 


1.6 


1.4 


Miscellaneous mathematics 


2.7 


2.5 


.4 


.9 


2.5 


3.7 



Notes: The 1970's denote 1973-79 and the 1980's denote 1980-86. Industrial engineering was not 
reported as a subdiscipline in the 1980's. 

Source: Science citation index from 1973 to 1986 (Institute for Scientific Informations); (dataset 
compiled by CHI Research; Stevens, 1990). 
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The discipline with most rapid growth from the seventies to the eighties was 
technological science. The increasing specialization in the discipline of techno- 
logical science was largely concentrated in its subdisciplines of computers, infor- 
mation science and electrical engineering and electronics. These fields are 
known to have been expanding in Brazil, as a result of deliberate research poli- 
cies (Schwartzman, 1991: 232-6). Although these are fields of increasing spe- 
cialization, they have not become the fields of major concentrations. Specializa- 
tion shows concentrations mostly in tropical medicine and in parasitology; again, 
relative to the world distribution across fields (also this subfield specialization is 
consistent with that obtained by another procedure; Schubert, 1989: 448). Con- 
versely, Brazilian research has de-emphasized the fields of geriatrics and acous- 
tics. 

By comparison, specialization has been somewhat different in the rest of 
Latin America, where there has been more emphasis on the disciplines of clinical 
medicine and less emphasis on physics and mathematics. But, like Brazil, other 
parts of Latin America have concentrated on tropical medicine and to some 
degree also on parasitology. Israeli research is less specialized into particular 
disciplines except mathematics which is known to be exceptionally strong in 
Israel (Schott,1987b). But there are subdisciplines with particular concentrations 
in Israel, notably fertility. These indications of Israeli specialization is similar to 
that obtained by a somewhat different procedure (Schubert et al., 1989: 416 and 
458). 

These specializations can be partly explained as resulting from national 
needs and interests. Brazil and other Latin American countries have a consider- 
able need for knowledge in tropical medicine and parasitology, whereas Israel 
has an interest in enhancing the fertility of the Jewish population (and in reducing 
the high birthrate of the Arab population). But the scientists' research is also 
shaped by their attention to science done elsewhere. 

Deference to world science 

Scientists continually evaluate work that they are aware of. They assess not 
only the truthfulness but also the worth of new knowledge. The appreciated con- 
tributions may become exemplars influencing their own research. Their defer- 
ence toward contributions provides a mental map for orientation in the world of 
science. To indicate Brazilian and other scientists' deference, the respondents in 
the survey were asked to name those who had made the major contributions in 
their field in recent years and to report the location of each named contributor 
(table 4) 

Table 4 shows that Brazilian scientists have deferred most to science in 
North America, second most to science in Western Europe and third most to sci- 
ence done in Brazil. Likewise, scientists in the rest of Latin America and in 
. Israel also have deferred most to science in North America, second most to sci- 
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ence in Western Europe and third most to local science. Deference is thus toward 
the easily observed and intimately understood local work and toward work in the 
world centers of science. Despite Israel's spatial proximity to Europe, the Israeli 
scientists defer less to European science and more to North American science 
than the Brazilian and other Latin American scientists do. This can be explained 
by the embeddedness of collegial ties, including deference, in political and eco- 
nomic links which are especially strong between Israel and the United States. 

Table 4 

Deference to contributors to science 

Percentage distribution across places of people named as outstanding by respondents in 
Brazil, in other Latin America and in Israel 



Country of contributors 



Brazil 



Country of respondents 



Other LA 



Israel 



Brazil 

pther LA 

Israel 

North America 
Western Europe 
Rest of world 
N contributors 



18 
1 
1 

41 

34 

6 

170 



2 
6 
.4 

47 

36 

9 

282 





19 
60 
15 
6 
47 



Note: The percentages in each column sum to 100 per cent except for rounding. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 



The deference toward science in various places makes for attraction toward 
those places and we should expect scientists to travel mainly to those places. 

Travels 

To what degree do scientists in Brazil travel to interact with colleagues and 
what are the destinations of their travels? Scientists in Brazil and the other coun- 
tries were asked to report their visits to other institutions in the latest 12 months 
until the time of interview and to report their participation in meetings abroad 
from 1985 until the interview (table 5). 
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Table 5 
Travels to other institutions and to meetings abroad 

Percentage distribution of respondents' visits to other institutions; and percentage 
distribution of participation in meetings abroad 





Brazil 

% 


Other LA 

% 


Israel 

% 




Visits 


Meetings 


Visits 


Meetings 


Visits 


Meetings 


Brazil 


68 


n.a. 


8 


18 








Other LA 


1 


9 


48 


38 








Israel 











.4 


31 


n.a. 


North America 


11 


31 


17 


16 


54 


56 


Western Europe 


10 


49 


26 


27 


15 


34 


Rest of world 


9 


12 


1 


1 





10 


Mean visitis or meetings 
for a respondent 


1.5 


1-9 


1.8 


3.1 


1.7 


4.9 



Note: The percentages in each column sum to 100 per cent except for rounding; n.a. = not avail- 
able. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 



Table 5 shows that Brazilian scientists on average made 1.5 visits to another 
institution in the latest year and participated in 1.9 meetings abroad in the latest 
six or so years. This traveling frequency is somewhat less than that of scientists 
in the other surveyed Latin American countries (which are much smaller than 
Brazil and thereby encourage travel) and much less than that of Israeli scientists 
whose geographical location provides little opportunity for travel. This major 
difference in travel has rather little to do with geographically shaped opportunity, 
but can be explained as a consequence of different institutional arrangements, 
notably the Israeli scientists' annual funds for travel as mentioned in the section 
on Institutionalization of science. 

The Brazilian scientists' visits to other institutions were mainly within Bra- 
zil. Their travels abroad were primarily to Western Europe and secondarily to 
North America. But travels were also frequent between Brazil and other Latin 
American countries, in both directions. Table 5 also shows that scientists in other 
Latin American countries also traveled more to Western Europe than to North 
America, while Israeli scientists traveled far more frequently to North America 
than to nearby Western Europe. These destinations of traveling reflect their def- 
erence orientations. 

The scientists' travels and deference should expectedly be reflected in the 
intellectual influence upon their research. 
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Influences from and upon world science 

To what extent has research in Brazil been influenced by results from within 
Brazil and from other places? And, reciprocally, to what extent has research in 
each place been influenced by the results of Brazilian research? Into which envi- 
ronment has Brazilian research been most cohesively integrated in terms of influ- 
ence? How have influences from and upon Brazilian scientists changed in recent 
decades? Through which channels have Brazilian scientists been influenced? 
What are the origins of influence through publications and through personal com- 
munication? What are the sources of influence on selection of problems for 
research by Brazilian scientists? These questions will be answered here, compar- 
ing Brazilian influences with influences involving scientists in the rest of Latin 
America and in Israel. 

Influences upon scientists in each place are indicated by the percentage dis- 
tribution of the citations in their articles, as listed in a column in table 6. 

Table 6 

Influence among national scientific communities, 1980 

Percentage distribution of citations in articles by authors in each place (column) across 
places of cited author (rows) 



Influencing (cited) 
scientists 




Influenced (citing) scientists 




Brazil 


Other 
LA 


Israel 


North 

America 


Western 
Europe 


Rest of 

world 


Brazil 


23.2 


.8 


.1 


.1 


.1 


.1 


Other LA 


1.4 


20.2 


.3 


.3 


.3 


.2 


Israel 


.7 


.9 


24.1 


.8 


.8 


.8 


North America 


41.3 


47.9 


48.4 


75.7 


39.0 


35.5 


Western Europe 


24.0 


22.7 


21.5 


18.0 


52.7 


21.3 


Rest of world 


9.4 


7.4 


5.6 


5.3 


7.1 


42.1 


N citations 


3,960 


9,449 


18,041 


914,857 


621,210 


267,590 



Note: The percentages in each column sum to 100 per cent except for rounding. 

Source: Science citation index (Institute for Scientific Information); citations in articles 1980-82 

referring to articles 1978-80. 



The first column in table 6 shows that Brazilian research was influenced 
mostly by results from North America and then by results from Western Europe 
and from within Brazil. Likewise, comparing to the second and third columns, 
scientists in the rest of Latin America and in Israel were also mainly influenced 



251 



by results from North America and then from Western Europe and from within 
their place. These origins of influence are highly similar across the three com- 
pared places. The origins of influence upon the scientists follow the patterns of 
their deference more than the patterns of their travels. Notably, although Brazil- 
ian and other Latin American scientists have traveled much more to Western 
Europe than to North America, they have deferred much more to North American 
science and have been much more influenced by science in North America than 
in Western Europe. 

The first row in table 6 shows that Brazilian scientific results exerted 
some influence on research in the rest of Latin America, but very little on 
research in other continents. By comparison, the second and third rows show 
a little more influence from other Latin American science and much more 
influence from Israeli science upon research in North America, Western 
Europe and elsewhere. 

Table 6 shows that influence has been rather strong between Brazil and the 
rest of Latin America, in both directions, relative to their small influence on 
research elsewhere. This suggests some regional integration in influence. 
Regional integration can be indicated as the occurring influence (in table 6) rela- 
tive to the influence that we should expect if influence were not embedded in par- 
ticular links between countries but influencees were independent of influencers. 
If influence were not selective, influence would just be proportional to the influ- 
encer's tendency to exert influence and also to the influencee's tendency to 
receive influence. This conception of independent influence can be formalized 
— such formalization is considered in Schott (1986), and used in studies of sci- 
entific influence in Schott (1987a, 1988, 1992a). 

The conception of behavioral independence between influencers and 
influencees can be formalized by the model of statistical independence in a 
two-way table and involves computing expected values. The expected values 
are like those for the usual chi-square test of independence in a two-way fre- 
quency table except that we have no diagonal in the table of citations from 
each scientific community to the other communities. Under the model of 
independence, the expected number of citations from an influenced commu- 
nity r to an influencing community c is the product of two numbers P r Q c 
where P r is the tendency of r to cite others and Q c is the tendency of c to be 
cited by others. The expected number can be computed from the observed fre- 
quencies of citations from each community to the other communities. The 
diagonal-less matrix of expected numbers has the same row-sums and column- 
sums as the diagonal-less matrix of observed citations — modeling of a diago- 
nal-less table with formulas for use in computing expected numbers is in Hab- 
erman (1979: chap. 7) and is implemented in publicly available software, Elia- 
son (1990: 16-8). 

The ratio of the observed citations to the expected number of citations is a 
measure of integration in the web of influence. The measures of integration are 
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listed in table 7. Integration has been weak to the extent the measure is less than 
1 and integration has been strong to the extent the measure exceeds 1. 

Table 7 

Integrations in influence among national scientific communities 



Influencing (cited) 
scientists 




Influenced 


[citing) scientists 




Brazil 


Other 
LA Israel 


North 
America 


Western 
Europe 


Rest of 
World 


Brazil 




6.8 .8 


1.0 


.9 


1.0 


Other LA 


4.4 


.9 


1.1 


.9 


.9 


Israel 


.7 


.9 


1.1 


.9 


1.0 


North America 


1.0 


1.1 1.1 




1.0 


1.0 


Western Europe 


1.0 


.9 .9 


1.0 




1.0 


Rest of world 


1.2 


.9 .7 


1.0 


1.0 





Note: Influence within each place is here ignored. 
Source: Same as for table 6. 



Table 7 shows in the first row that Brazilian research has been highly inte- 
grated with science in the rest of Latin America, and influence has been more 
than six times higher than expected. Reciprocally, as shown in the first column, 
other Latin American research has also been highly integrated with Brazilian sci- 
ence, and influence has been more than four times higher than expected. Integra- 
tion has been stronger between Brazil and the rest of Latin America, in both 
directions of influence, than between any other listed places. Such regional inte- 
gration also exists among, for example, the Scandinavian national scientific com- 
munities (Schott, 1992a). Contrasting the regional integration in influence, inte- 
gration has been as expected between Brazil and the other major places such as 
North America and Western Europe, but comparatively weak between Brazil and 
Israel that has been integrated with North American science. The Latin Ameri- 
can regional integration in science can be explained by the embeddedness of sci- 
entific ties in integrative links among Latin American countries in other spheres 
of life such as education, religion, language, economy and politics. The scientific 
integration between Israel and North America can be explained by its embedded- 
ness in the strong political, economic and educational links between Israel and 
the United States. Collegial ties between scientists in different countries, more 
generally, tend to be embedded in other links between their societies, notably in 
education, language, politics and economy (Schott, 1988). 

Influence can be indicated not only by citations but also by a survey asking 
scientists to report influence on their research (as discussed in the earlier section 
on Concepts and their indicators). Scientists in Brazil, in the rest of Latin Amer- 
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ican, and in Israel named people who had influenced their research. Sources of 
influence are indicated by the distribution of these named influencers across their 
locations (table 8). 

TableS 

Influence upon scientists from local and distant colleagues, circa 1990 

Percentage distribution of influencers named by respondents in Brazil, in other Latin 

America and in Israel 



Brazil 



Other LA 



Israel 



Brazil 
Other LA 
Israel 

North America 
Western Europe 
Rest of world 
N influencers 



43 


4 





1 


35 





I 


1 


26 


25 


32 


55 


25 


25 


13 


6 


4 


7 


408 


710 


110 



Note: The percentages in each column sum to 100 per cent except for rounding. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 



Table 8 shows, like the citations in table 6, that influences upon scientists in 
Brazil, other Latin America, and Israel originate primarily from North America 
and secondarily from Western Europe, with considerable influence from local 
colleagues. These survey responses also indicate, like the citations, that there is a 
small but notable regional integration in influence among scientists in different 
parts of Latin America. 

Influence seems to have changed from 1980 to 1990 as can be seen by juxta- 
posing tables 6 and 8. Around 1980 North American influence upon research in 
Latin America was roughly twice as strong as the influence from Western Europe 
(table 6) but by 1990 North American influence seemed only slightly stronger 
than influence from Western Europe upon research in Latin America (table 8). 
Opposite changes seem to have occurred in the case of influence upon research in 
Israel, namely as follows. Around 1980 North American influence was roughly 
twice that from Western Europe, but by 1990 North American influence was 
roughly four times the influence from Western Europe upon research in Israel. 
These changes in scientific influence may be explained as consequences of 
changes in the political-economic links between the places. During the eighties, 
Latin American political-economic links seem to have grown more with Western 
Europe than with North America. Conversely, West European political-eco- 
nomic links with Israel have cooled during the eighties. Explaining the main dif- 
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ferences between tables 6 and 8 as changes in influence resulting from changing 
geopolitical-economic links seems more plausible than attempting to attribute the 
differences between the tables to differences in the data sources (indexed journals 
for one table and sampled scientists for the other table) or in the indicators (cita- 
tions in one table and a questionnaire item in the other table). 



Table 9 

Media channeling influence upon scientists from colleagues 

Percent of the colleagues in each location who influenced through each medium 





Public- 
ations 


Pre- 
prints 


Lect- 
ures 


Disc- 
ussion 


Tele- 
phone 


Fax 


Elec. 

mail 


Post 
mail 


Rumor 


Number of 
colleagues 


Brazil 






















Brazil 


48 


19 


31 


89 


10 


2 


2 


12 


5 


177 


Other LA 


75 


100 


50 


100 











50 





4 


Israel 


100 























50 


2 


North 
America 


94 


22 


16 


24 


1 


1 


1 


6 


12 


101 


Western 
Europe 


97 


19 


26 


50 


2 


3 


6 


17 


9 


101 


Rest of 
world 


91 


29 


9 


22 








9 








23 


Other Latin America 


















Brazil 


50 


4 


31 


85 


4 








15 





26 


Other LA 


42 


11 


25 


96 


4 


2 


3 


9 





244 


Israel 


75 


25 


25 


25 











50 





4 


North 
America 


92 


18 


31 


47 


8 


10 


8 


20 


2 


226 


Western 
Europe 


82 


13 


28 


61 


5 


17 


6 


36 


1 


180 


Rest of 
world 


90 





17 


31 








3 


28 





29 


Israel 






















Israel 


50 


44 


43 


82 


29 


7 


18 


18 


4 


28 


North 
America 


52 


38 


18 


70 


25 


15 


28 


37 


2 


60 


Western 
Europe 


57 


71 


21 


79 


21 





57 


43 





14 


Rest of 
world 


100 


75 


38 


25 


13 


25 


38 


38 


38 


8 



Notes: Number of colleagues in a location is the number of colleagues in that location who were 
reported to have exerted influence through one or more media. The Israeli respondents reported no 
colleagues in Brazil and the rest of Latin America. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 
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Influence is channeled through a variety of media, notably publications, pn. 
prints, lectures, discussions, telephone, facsimile messages, postal mail, and pei- 
haps also through rumor. The interviewed scientists reported which one or more 
media channeled influence from each named colleague (table 9). 

The left-most column in the upper part of table 9 shows that Brazilian scien- 
tists were influenced by publications by about half their significant colleagues in 
Brazil, publications by more of their colleagues in the rest of Latin America, and 
publications by the vast majority of their significant colleagues elsewhere. Publi- 
cations were the most frequent medium of influence from colleagues outside 
Latin America. But influence from colleagues in Brazil and in the rest of Latin 
America was more frequently channeled through face-to-face discussions. Also 
other interpersonal media were channels of influence more frequently from local 
and Latin American colleagues than from colleagues outside Latin America. 

Scientists in the other part of Latin America reported influence through the 
various channels to be rather similar to the channels of influence upon Brazilian 
scientists. Face-to-face discussion was the most frequent medium of influence 
from Latin American colleagues and publications were the far most frequent 
medium of influence from colleagues outside Latin America. 

Brazilian scientists, however, differed from scientists in the other part of 
Latin America in that they less frequently were influenced through interpersonal 
media such as face-to-face discussion and postal mail. This difference indicates 
that Brazilian scientists, compared to scientists in the rest of Latin America, were 
slightly less integrated into networks of colleagues in the North American and 
European centers. 

The bottom part of table 9 shows that Israeli scientists differed considerably 
from scientists in Brazil and other parts of Latin America in that publications 
were a less significant channel of influence upon the Israelis, while the interper- 
sonal media were a highly utilized channel of influence, not only from local col- 
leagues but also from colleagues in North America and Europe. Through a mul- 
tiplicity of interpersonal media, Israeli scientists have been intensely integrated 
into circles of colleagues in the world centers, evidently far more integrated than 
Brazilian and other Latin American scientists. 

The influence is exerted through the professional mass media, i.e. publica- 
tions, and through interpersonal media, i.e. direct contact between scientists. 
Each respondent was asked to rate the extent to which each named colleague's 
publications influenced the research of the respondent. The influence from each 
colleague's publications was rated on a scale going from for none through 1 for 
little and 2 for some up to 3 for great influence of the publications on the respon- 
dent (the questionnaire was described in the earlier section on Concepts and their 
indicators). These ratings of influence of each named colleague's publications on 
the respondents can be used to indicate influence from the various places, namely 
as follows. The influence from a place is indicated by the sum of the rated influ- 
ences from the colleagues in that place, as a percentage of the overall sum of 
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influences from all the colleagues. A colleague whose publications had no influ- 
ence, i.e. was rated 0, is ignored by the computation, and a colleague weighs 
heavily according to the rated influence. In other words, the computation is a 
weighted distribution across the sources; it is the distribution of the colleagues 
across places where the colleagues are weighted by the rated influence of each 
colleague's publications. This indication of sources of influence through publi- 
cations is listed in the left side of table 10. 

The left-most column in table 10 shows that Brazilian scientists were influ- 
enced through publications written by colleagues mainly in Brazil, North Amer- 
ica, and Europe, and in similar amounts from these three places. Also scientists 
in the rest of Latin America were influenced through publications by colleagues 
from Latin America, North America, and Europe, and in similar degrees from 
these three places. The Latin American scientists differed from the scientists in 
Israel who received influence from publications by colleagues in North America 
much more than in Europe. 

Table 10 

Influence upon scientists from publications and from personal contacts 

Percentage distribution of named colleagues, weighted by their rated 

influence through their publications. 

Percentage distribution of named colleagues, weighted by their rated influence 

through their personal communications 





Influenced from publications 


Influence from contacts 




Brazil 

% 


Other LA 

% 


Israel 
% 


Brazil 

% 


Other LA 

% 


Israel 
% 


Brazil 


30 


3 





65 


4 





Other LA 


1 


21 





1 


45 





Israel 


1 


1 


24 


.4 





28 


North America 


28 


39 


51 


11 


23 


53 


Western Europe 


33 


31 


15 


22 


25 


17 


Rest of world 


8 


5 


11 


2 


2 


3 


N influencing through 
medium 


324 


564 


96 


• 256 


501 


88 



1 



Note: The percentages in each column sum to 100 per cent except for rounding. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 



The respondent was also asked to rate extent of each named colleague's 
influence through personal contact, using the same scale from to 3. The influ- 
ence from a place through personal communication is then indicated by the sum 
of the rated influences from the colleagues in that place. In other words, influ- 
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ences from direct contacts in the various places are indicated by the distribution 
of the colleagues weighted by each colleague's direct influence, as listed in the 
right side of table 10. 

The right side of table 10 shows that the personal contacts influencing Bra- 
zilian scientists were mainly with colleagues within Brazil, whereas they were 
less influenced through personal contacts with colleagues in other places such as 
North America and Europe. In this respect, the Brazilian scientists differed from 
scientists in the rest of Latin America, who were more influenced through per- 
sonal contact with colleagues outside Latin America. But the Brazilians and 
other Latin Americans differed more from the scientists in Israel, who were far 
more influenced by personal contact with foreign colleagues, especially in North 
America. 

Influence is an encompassing concept. Influence on research in general 
encompasses influence on selection of problems for research, influence on con- 
ceptual frameworks, influence on methods of investigation, and influence on yet 
other aspects of research. The selection of problems for research is of most inter- 
est for understanding the direction of scientific research. Brazilian agricultural 
researchers have earlier reported to be much influenced by regards for national 
usefulness in their selection of problems for research (Velho, 1990). Here, the 
respondent was asked to rate each named colleague's influence on selection of 
problems for research by the respondent, again using the scale from to 3 as 
described earlier. The sources of influence on problem choice are then indicated 
by the distribution of the ratings across places (table 11). 

Table 11 

Influence upon scientists' problem selection 

Percentage distribution of named colleagues, weighted by their rated influence on the 
respondents* problem selection 





Brazil 

% 


Other LA 
% 


Israel 

% 


Brazil 


42 


4 





Other LA 


1 


34 





Israel 


1 


.4 


24 


North America 


24 


32 


55 


Western Europe 


27 


25 


10 


Rest of world 


5 


4 


11 


N influencing problem choice 


382 


633 


99 



Note: The percentages in each column sum to 100 per cent except for rounding. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 
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Table 11 shows that the main source of influence on Brazilian scientists' 
selection of problems was their local colleagues. Secondarily, their problem 
choice was influenced by colleagues in North America and in Europe, with influ- 
ences in similar amounts. Their sources were rather similar to the sources influ- 
encing selection of problems for research by other Latin Americans. The scien- 
tists in the rest of Latin America were influenced mainly by Latin American col- 
leagues, secondarily by colleagues in North America, and third most by 
colleagues in Europe. The Brazilian and other Latin American scientists differed 
from the Israeli scientists, who were less influenced by their local colleagues and 
more influenced by their foreign colleagues, especially North Americans, in their 
choice of problems for research. 

The above analyses have disentangled sources and channels of influence on 
research in general and problem selection in particular. The analyses show that 
there has been a small but notable degree of regional integration in influence 
among scientists in Brazil and other parts of Latin America. But Brazilian sci- 
ence, like science done in other Latin America countries, has had little impact on 
research outside Latin America, in contrast to the notably larger impact of sci- 
ence done in Israel. Brazilian research, like research elsewhere in Latin America, 
has been influenced mainly by science done in North America and Europe. Ear- 
lier, North American influence was stronger than influence from Western Europe, 
but during the eighties the European influence has become equally strong. By 
contrast, research in Israel has continually been far most influenced by science in 
North America and this influence has become even stronger during the eighties. 
These influences have been influences on research in general and on problem 
selection in particular. Brazilian scientists, like scientists in the rest of Latin 
America and in Israel, have selected problems under the influence of local col- 
leagues and have been even more influenced by their distant colleagues. The 
influences have been channeled through a variety of media. Brazilian scientists, 
like scientists elsewhere in Latin America, have been influenced by Latin Ameri- 
can colleagues most frequently by face-to-face discussions and other interper- 
sonal media, while influences from outside Latin America have been mediated 
mainly by these distant colleagues' publications. Contrastingly, influences upon 
scientists in Israel from their foreign colleagues have been channeled through a 
multiplicity of media, not primarily through publications but mainly through 
multiple interpersonal media, especially face-to-face discussions, telephone, fac- 
simile messages, electronic mail, and postal mail. The Israeli scientists have 
been more intensely integrated into circles of distant colleagues, especially in 
North America. Israeli scientists' strong international integration is in some 
degree a consequence of their past high performance, but the high integration has 
a separate and considerably enhancing effect on performance — the enhancing 
effect of integration on performance was estimated in another study; Schott 
(1987a). 
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Influence is the intellectual substance of collegial ties in science. Another 
kind of intellectual role-relation among scientists is collaboration. 

Collaboration 

To what extents have Brazilian scientists been collaborating with local, 
Latin American and distant colleagues? Conversely, to what degrees have they 
been sought out for collaboration by scientists in various other places? Has there 
been a notable degree of regional integration among Latin American scientists in 
collaboration? How has Brazilian collaboration changed in recent decades, in 
science-as-a-whole and in each discipline? How does Brazilian collaboration 
compare to the collaboration of scientists in the rest of Latin America and in 
Israel? These questions will be answered in this section. 

Scientists' collaboration will be indicated first by scientists' own reports 
about joint research. In the survey in Brazil and elsewhere, each respondent was 
asked to rate the extent of collaboration with each colleague named by the 
respondent (as discussed in the earlier section on Concepts and their indicators). 
Each colleague's collaboration was rated on the scale going from for none 
through 1 for little and 2 for some and up to 3 for much collaboration with the 
respondent. The respondents' extent of collaboration with colleagues in a partic- 
ular place can then be indicated by the sum of the rated collaboration with col- 
leagues in that place, computed as a percentage of the overall sum of collabora- 
tion with all colleagues. In other words, the extent of collaboration with various 
places is indicated by the distribution of the colleagues across places, where each 
colleague is weighted by her or his rated collaboration (table 12). 



Table 12 

Collaboration with local and foreign colleagues 

Percentage distribution of named colleagues, weighted by their rated collaboration 

with the respondents 



Brazil 
% 



Other LA 



Brazil 
Other LA 
Israel 

North America 
Western Europe 
Rest of world 
N collaborators 



260 



Israel 



66 


5 








47 











26 


9 


21 


55 


25 


24 


18 


1 


3 


1 


90 


425 


71 



Note: The percentages in each column sum to 100 per cent except for rounding. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 



Table 12 shows that Brazilian scientists have been collaborating mainly with 
colleagues within the country, secondarily with colleagues in Europe and thirdly 
with colleagues in North America. Scientists in the other part of Latin America 
had about half of their collaboration with Latin American colleagues, and most of 
the other half with colleagues in Europe and North America. Israeli scientists 
had only about one fourth of their collaboration with local colleagues, most of 
their collaboration was with colleagues in North America, and a small fraction 
was with colleagues in Europe. A notable difference is that the Israelis have 
mainly been collaborating with the center in North America, whereas the Brazil- 
ians* foreign collaboration has been mainly in Europe. 



Table 13 

Collaboration among national scientific communities, 70's and 80's 

Percentage of the articles by authors in the scientific community (column) which have 
coauthors in other institutions (rows) 



Authors 


Coauthors Brazil 


Other 
LA 


Israel 


North 
America 


Western 
Europe 


Rest of 

world 


70's 80's 


70's 80's 


70's 80's 


70's 80's 


70's 80's 


70's 80's 



Brazil 16.1 .8 .1 .1 .1 ,02 

19.7 1.1 .2 .1 .2 .05 

Other LA L9 20.8 .1 .2 .1 .06 

2.4 22.8 .1 .3 .3 .13 

Israel .3 .1 25.7 .3 .2 .03 

.5 .2 29.9 .5 .4 .07 

North 

America 12.8 12.8 10.3 31.0 4.2 2.4 

13.6 14.1 17.0 36.9 - 6.9 3.9 

Western 

Europe 8.5 6.1 6.0 3.3 26.1 2.7 

12.4 9.7 10.6 5.5 35.9 4.5 

Rest of 

world 2.0 2.1 0.8 1.5 2.1 17.1 

3.2 3.9 1.5 2.5 3.6 22.0 



N articles 6,149 14,252 20,916 814,350 628,527 500,696 

8,452 18,523 24,534 873,649 696,177 561,055 

Notes: The percentages in each column sum to less than 100 per cent insofar as many articles are not 
coauthored. The 70's denote 1973-79 and the 80's denote 1980-86. 

Source: Science citation index from 1973 to 1986 (Institute for Scientific Information); dataset com- 
piled by CHI Research; Stevens (1990). 
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Scientists' collaboration with others can also be indicated by the extent to 
which their publications are coauthored with people at other institutions, either 
within the country or in other countries. To detect change over time, the degrees 
of local and foreign collaboration are listed for both the earliest and latest periods 
for which data are available (table 13). 

The coauthorships in table 13 are similar to scientists' reported collabora- 
tions in table 12, which show that the indicators have satisfactory reliability. The 
Brazilians' most extensive collaboration with colleagues at other institutions has 
been with colleagues at other Brazilian institutions. An earlier study observed a 
rather extensive in-house publication (i.e. publishing in printed materials issued 
by the institution of the author) and that the publications had 13 to 20 per cent of 
their citations to publications by scientists at other Brazilian institutions and on 
this basis concluded that there was very little communication between scientists 
at different Brazilian institutions (Velho & Krige, 1984). This percentage, how- 
ever, is quite high compared to the less than 1 per cent of the world literature that 
is written by Brazilian scientists, so the observed percentages actually indicate a 
considerable communication among Brazilian institutions. That Brazilians col- 
laborate more with colleagues at other Brazilian institutions than with peers in 
any other country and that this percentage is not much lower than the percentage 
of other Latin American's publications that are with colleagues at other Latin 
American institutions (a pool of publications about twice that in Brazil) or the 
percentage of Israeli's publications that are with peers at other Israeli institutions 
(a pool of publications about twice that in Brazil), as shown in table 13, also indi- 
cate considerable collegial ties among the Brazilian institutions, quite compara- 
ble to those among other Latin American institutions and among Israeli institu- 
tions. 

Table 13 shows that the foreign collaboration has been concentrated in 
North America and Europe. The foreign collaboration from the seventies to the 
mid-eighties was apparently mainly with North American colleagues (table 13), 
but then became mainly with European colleagues (table 12). The Brazilians' 
switch in collaboration from North America toward Europe is consistent with the 
switch in Brazilians' received influence, from mainly American influence toward 
mainly European influence (as was discussed in the preceding section). 

Table 13 shows that Brazilian scientists' collaboration has increased from 
the seventies to the eighties, both with colleagues at other Brazilian institutions 
and with colleagues in every foreign place. But their foreign collaboration has 
increased at a faster rate than their local collaboration. This fast increase in for- 
eign collaboration is not unique to Brazil but obtains in every place as shown in 
the table. The increasing transnational collaboration is part of the globalization 
of science, which may be partly explained by the embeddedness of scientific ties 
in links among nations in spheres such as the economy and the polity which are 
in a process of globalization (Schott, 1991b). 
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Table 13 shows that Brazilian scientists have had some collaboration with 
colleagues in the rest of Latin America. Their Latin American collaboration has 
been small relative to their collaboration with colleagues in North America or 
Europe, but evidently large compared to, say, Israeli scientists' collaboration with 
colleagues in Latin America. This suggests some regional integration in collabo- 
ration within Latin America. To highlight this integration we can control for the 
tendency of each country's scientists to collaborate. 

Integration in collaboration between places can be indicated by their actual 
coauthorships relative to their expected frequency if collaboration occurred inde- 
pendently between scientific communities, that is, in proportion to each commu- 
nity's tendency for outside collaboration. The expected frequency of coauthor- 
ships between two communities can be computed from the diagonal-less matrix 
of coauthorships, like earlier described for influence. Integration in collaboration 
between two places is then indicated by the ratio of the actual coauthorships to 
their expected frequence. The resulting measures of integration in collaboration 
are listed in table 14. Collaboration between two places is dense to the extent the 
measure exceeds 1 and collaboration is sparse to the degree the measure is less 
than 1. 

Table 14 

Integration in collaboration among national scientific communities, 70's and 80's 

Authors 



Coauthors 



Brazil 



Other 

LA 



North Western Rest of 

Israel America Europe world 



70's 80's 70's 80's 70's 80's 70's 80's 70's 80*s 70's 80's 



Brazil 4.2 .7 1.3 .9 .4 

4.5 .7 1.1 1.0 .6 

Other LA 4.2 .3 1.4 .7 .5 

4.5 .2 1.3 .8 .7 

Israel .7 .3 1.5 .9 .3 

-7 .2 1.5 .9 .3 

North America 1.3 1.4 1.5 1.0 1.0 

1.1 1.3 1.5 1.0 1.0 

Western Europe .9 .7 .9 1.0 1.1 

1.0 .8 .9 1.0 1.1 

Rest of world .4 .5 .3 1.0 1.1 

' .6 .7 .3 1.0 1.1 

Notes: The 70's denote 1973-79 and the 80's denote 1980-86. 
Source: Same as table 13. 
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Table 14 shows that there has been a considerable regional integration in 
collaboration between Brazilians and scientists in the rest of Latin America, and 
collaboration has been four times more frequent than expected. The regional 
integration in Latin America has exceeded the integration in collaboration 
between Israelis and scientists in North America which has also been strong. The 
integration in Latin America has even increased slightly from the seventies to the 
eighties. In the seventies Brazilian researchers collaborated especially much 
with colleagues in North America, but that integration has weakened and instead 
Brazilians have intensified collaboration with colleagues in Western Europe and 
other parts of the world. 

Collaboration varies from one discipline to another. Collaboration may be 
easier in some disciplines than in others, perhaps especially long-distance collab- 
oration. Research in some disciplines may be so complex that it requires exten- 
sive collaboration. The extents of local and foreign collaboration in each disci- 
pline can be indicated by the frequency of coauthorships, listed in table 15. 



Table 15 . 
Collaboration with local and foreign colleagues, by discipline, 70's and 80's 

The percentage of the articles involving scientists in Brazil (and in the rest of Latin 

America, and in Israel) which had coauthors at other institutions within the country, and 

the percentage which had coauthors abroad 



Local collaboration 



Foreign collaboration 



Brazil 



Other LA 



Israel 



Brazil Other LA 



Israel 



70*s 80's 70's 80's 70's 80's 70's 80's 70's 80*s 70's 80's 



Science-as-a-whole 18 23 24 27 28 35 25 32 24 30 17 28 

clinical medicine 27 33 34 39 55 61 19 31 17 20 10 15 

biomedicine 21 29 19 26 23 30 21 33 20 28 20 33 

biology 22 25 16 21 22 26 34 36 35 41 11 22 

chemistry 16 21 10 13 11 16 17 19 19 23 14 27 

Physics 13 17 18 23 16 15 28 31 37 35 27 50 

earth & space science 10 10 12 13 16 22 48 47 59 74 26 47 

technological science 12 20 16 23 12 13 35 44 29 38 17 28 

mathematics 4 13 8 7 5 9 43 47 42 38 38 53 



Notes: The 70's denote 1973-79 and the 80's denote 1980-1986. 

The number of articles involving Brazilian authors (and authors in each of the other two places) in 
each discipline in each period is at least 238. 

Source: Science citation index from 1973 to 1986 (Institute for Scientific Information): dataset com- 
piled by CHI Research. 
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Table 15 shows that collaboration varied considerably among the disci- 
plines^ In all three places collaboration in mathematics has been infrequent 
within the place but frequent with foreigners, which is undoubtedly due to the 
ease of long-distance collaboration in this discipline that does not depend on 
tinkering with apparatus for making empirical observations and experiments. 
The more experimental disciplines have higher degrees of local collaboration. 

The increase in both local and foreign collaboration in science as a whole 
has occurred in some disciplines more than in others. In Brazilian earth and 
space science there has been no increase in local or in foreign collaboration. But 
there have been considerable increases in local collaboration in mathematics, 
technological science and biomedicine and in foreign collaboration in technolog- 
ical science, biomedicine, and clinical medicine. The simultaneous increases in 
local and foreign collaboration suggest that a discipline may be both local and 
cosmopolitan in its collaborative orientations. 

The above analyses of collaboration have shown that Brazilian scientists 
have had a considerable degree of collaboration with one another and with for- 
eign colleagues, mainly in North America earlier and increasingly in Western 
Europe. They have also had a notable collaboration with colleagues in other 
Latin American countries, so that there is some regional integration in collabora- 
tion, but the regional collaboration is infrequent compared to the extensive col- 
laboration with colleagues in the North American and European centers. 

Communal attachments: emulation and recognition 

The above analyses of influence and collaboration have examined the scien- 
tists' intellectual integration into collegial networks. A scientist lives not only 
from intellectual material. The intellectual integration is also sustained by a 
social integration, by the scientist's communal attachments to her collegial circle 
which in turn integrates her into wider circles in the world scientific community. 
A scientist's social integration will here be examined in terms of her emulation 
with colleagues and her caring about receiving collegial recognition of her work. 

Emulation refers to the desire to excel, the ambition to equal or surpass 
others (the word emulation also occasionally denotes imitation but that is not 
the meaning used here). A researcher competes with others in the perfor- 
mance of the scientific role, and competes with others in the creation of con- 
tributions to public knowledge, specifically for rewards for making contribu- 
tions. Emulation was tapped in the survey of scientists in Brazil, in other parts 
of Latin America, and in Israel by asking each respondent to rate the degree of 
felt competition with each named colleague to be first or best in research. The 
respondent rated competition with each colleague on the scale from for none 
up to 3 for much competition with the colleague. Sources of emulation are 
then indicated by the distribution of the colleagues, weighted by their degree 
of competition (table 16). 
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Table 16 

Emulation of local and distant colleagues 

Percentage distribution of named colleagues, weighted by their rated extent of 
competition with the respondents 



Brazil 



Other LA 

% 



Israel 



Brazil 
Other LA 
Israel 

North America 
Western Europe 
Rest of world 
N emulators 



64 


3 








35 





2 





25 


5 


40 


48 


27 


21 


15 


3 


1 


11 


75 


158 


53 



Note: The percentages in each column sum to 100 per cent except for rounding. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 



Emulation is seen, from table 16, to originate partly from the local environ- 
ment and partly from abroad, but the scientists differ in their feelings of local ver- 
sus foreign competition. The Brazilian scientists feel competition mainly from 
their local colleagues, some from their European colleagues but little from their 
North American colleagues. Scientists in other parts of Latin America feel less 
competition from their local colleagues but feel much more competition from 
their North American colleagues. Scientists in Israel feel even less local compe- 
tition and even more competition from North American colleagues. Therefore, 
also in terms of emulation, Brazilian scientists seem less integrated into the world 
scientific community than other Latin American scientists and, especially, than 
scientists in Israel. 

Social integration can also be ascertained in terms of caring for collegial 
recognition as a validation and a social reward available for the performance 
of the scientific role. Scientists often care about receiving recognition for 
their work, but they consider recognition more important from some than 
from others. Each respondent rated her/his caring about receiving recogni- 
tion of her/his work from each named colleague, using the scale from to 3. 
The distribution of the colleagues, weighted by the salience of their recogni- 
tion, indicates the salience of various places as valued sources of recognition 
(table 17). 
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Table 17 

Importance of receiving recognition from local and distant colleagues 

Percentage distribution of named colleagues, weighted by their rated importance 
as recognizers of the respondent's work 



Brazil 



Other LA 



Israel 
% 



Brazil 
Other LA 
Israel 

North America 
Western Europe 
Rest of world 
N recognizers 



51 


4 





1 


35 





•4 


1 


28 


20 


32 


49 


23 


26 


15 


5 


3 


3 


338 


629 


100 



Note: The percentages in each column sum to 100 per cent except for rounding. 
Source: Survey of scientists in Brazil, other Latin America and Israel. 



Recognition is valued from local colleagues and from foreign colleagues. 
But the salience of the local environment and of foreign places as sources of rec- 
ognition differ among the respondents. Brazilian scientists attach about the same 
importance to local and foreign sources of recognition. Scientists in other parts 
of Latin America attach less importance to local recognition and more impor- 
tance to recognition from colleagues in North America. Israeli scientists attach 
even less significance to local recognition and care even more about recognition 
from their collegues in North America. 

In short, the scientists are not only intellectual lly but also socially integrated 
in terms of emulating and desiring recognition from local and distant colleagues. 
Brazilian scientists seem a little more integrated with local colleagues and a little 
less with distant colleagues than do scientists in other parts of Latin America and, 
especially, than do scientists in Israel. 



Audience-orientations 

The last kind of role-relation among scientists to be examined here is the ori- 
entation towards collegial audiences. A scientist makes her/his findings common 
property by publishing them and may often want to reach the widest possible 
audience, namely the global scientific community in the scientist's specialty, but 
a scientist also has a primary audience, the colleagues that are primarily 
addressed. 
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Scientists' addressing of audiences can be indicated by where they publish 
their articles. They publish some works in locally published journals and some in 
journals published in various other places. The distribution of articles written by 
authors in a scientific community across places of publication is listed in a col- 
umn in table 18. As emphasized at the beginning of this essay, however, this 
study does not examine research for local consumption, but focuses on research 
contributing to world science. Specifically, for example, the distribution in the 
first column of table 18 largely ignores Brazilian authors' works in Brazilian 
journals published mainly in Portuguese and in other Latin American journals 
published mainly in Spanish. Rather, the first column shows the primary audi- 
ences that Brazilian authors address when they present their contributions to 
world science. 

Table IS 

Audience-seeking among national scientific communities, 1982 

Percentage distribution of the articles written by authors in the scientific community 
(column) across places of publication (rows) 











Author 








publication 


Brazil 


Other 
LA 


Israel 


North 
America 


Western 
Europe 


Rest of F. 
World 


Second 
World 


T. World 
(ex LA) 


Brazil 


13.5 


.04 


.0 


.00 


.00 


.00 


.00 


.00 


Other LA 


.5 


20.9 


.0 


.03 


.01 


.01 


.00 


.04 


Israel 


.0 


.3 


11.1 


.04 


.07 


.00 


.01 


.06 


North America 


44.1 


41,4 


46.1 


77.6 


24.2 


26.3 


6.3 


24.8 


Western Europe 


39.1 


35.6 


41.0 


21.1 


73.5 


39.0 


16.3 


39.2 


Rest of First World 


.4 


.3 


.4 


.4 


.3 


33.8 


.6 


.7 


Second World 


2.1 


1.5 


1.0 


.8 


1.8 


.8 


76.8 


4.3 


Third World 
(ex LA) 


.5 


.0 


.3 


.1 


.1 


.1 


.0 


31.0 


N articles by 
authors in place 


1,060 


2,233 


3.795 


187,054 


135,028 


8,987 


33,350 


15,689 



Notes: The percentages in each column sum to 100 per cent except for rounding. 

Rest of First World denotes Japan, South Africa, Australia, New Zealand; the Second World denotes 

the then communist East Bloc of the Soviet Union and Eastern Europe; and the Third World, excluding 

Latin America, denotes most of Asia and Africa. 

Source: Science citation index for 1982 (Institute for Scientific Information). 



The first column of table 18 shows that Brazilian authors had their primary 
audiences in North America and Europe. Also authors in the rest of Latin Amer- 
ica and in Israel addressed these primary audiences. Authors in North America 
and in Western Europe addressed their works primarily toward their local col- 
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leagues. Authors in the rest of the so-called First World addressed themselves 
toward local audiences and audiences in Europe and North America. Works by 
authors in the then communist countries, the so-called Second World, were 
addressed mainly to local audiences, much less often were their primary audi- 
ences in Western Europe and even far less frequently in North America. Authors 
in the so-called Third World (here excluding Latin America listed in other col- 
umns) addressed local audiences and audiences in Europe and North America. 
Nowhere outside Brazil did authors notably address colleagues in Brazil. And 
nowhere outside Latin America did authors notably address colleagues in Latin 
America. Only to a very small extent did Brazilian authors address collegial 
audiences in the rest of Latin America and to an even lesser extent did authors in 
the rest of Latin America address a Brazilian audience. The smallness of this ori- 
entation is probably due to the difference in language, Portuguese in Brazil and 
Spanish elsewhere in Latin America. 

The phenomenon of audience-orientation can of course also be viewed from 
the other end of the tie, the audience. The attraction of each national scientific 
community as a primary audience can be indicated by the extent to which their 
locally published journals are outlets for works by authors around the world. 
This is indicated by counts of articles by various countries' authors published in 
journals in various countries as for table 18, but now percentaging across coun- 
tries of authors, as listed in a row in table 19. 

The first row in table 19 shows that Brazilian scientists have been a primary 
audience only for work by local authors. They have not been an audience addressed 
by foreign authors. The second row shows that scientists in the rest of Latin America 
have been an audience for work by Latin American authors and also somewhat of an 
audience for work by authors outside Latin America, notably work by authors in 
North America. Scientists in Israel have also been an audience for local work and 
also rather frequently a significant audience for work by foreign authors. Likewise, 
scientists in each part of the First World have been an attractive audience for local 
work and also for work by others. Scientists in the Second World were an audience 
mainly for local work and much less for work by authors in the First or Third Worlds. 
Scientists in the Third World have been an audience mainly for local work and, like 
Brazilian scientists, have hardly been addressed by other authors. 

Audience-seeking and audience-attraction result partly from the performance 
of authors in the various scientific communities, partly from the volume of main- 
stream publications published in the various countries, the preferences of authors in 
certain places for publishing in certain places, and of course also the quality of the 
journals through which the audience-seeking is expressed. 

Journals 

The last aspect of the research enterprise to be examined here is the journals 
through which the scientists present their contributions to the common stock of 
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knowledge. I shall examine the influence of a journal on subsequent research. 
Brazilian journals shall be compared to journals published in the rest of Latin 
America, in Israel, and to the mainstream journals in the world (whether or not to 
include a journal of course occasionally becomes a conflict; for a Latin American 
case, see Vessuri, 1987). The journals to be examined are those that have been 
covered by the Journal citation reports of the Science citation index during 1975- 
88. The Brazilian journals are: 

Revista Brasileira de Medicina in internal and general medicine; 

Revista Brasileira de Pesquisas Medicos e Bioldgicas in internal and general 
medicine; 

Brazilian Journal of Medical and Biological Research in experimental and 
research medicine; 

Memdrias do Instituto Oswaldo Cruz in experimental and research medicine; 

Revista do Instituto de Medicina Tropical de Sao Paulo in tropical medicine; 

Arquivos da Escola de Veterindria da Universidade Federal de Minos Gerais in 
veterinary medicine; 

Revista Brasileira de Genitica in genetics and heredity; 

Anais da Academia Brasileira de Ciencias in multidisciplinary sciences; and 

Pesquisa Agropecudria Brasileira in multidisciplinary sciences. 

Their six fields are classes constructed by the source of these data which 
also provided the classification of the Brazilian journals except two (Revista 
Brasileira de Medicina and Pesquisa Agropecudria Brasileira) which we classi- 
fied into one of these six fields mainly according to the provided classification of 
journals that they referred to. 

These Brazilian journals shall be compared to the journals in their field 
which were also covered by the Science citation index. The index in the period 
1975 to 1988 included 433 journals in these six fields, namely 109 journals in 
internal and general medicine, 55 in experimental and research medicine, 14 in 
tropical medicine, 93 in veterinary medicine, 74 in genetics and heredity, and 88 
in multidisciplinary sciences, but not all these journals were included in a partic- 
ular year. 

These fields in the index also included seven journals published in the rest of 
Latin America, namely; 
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Archivos de Biologia y Medicina Experimentales in internal and general medi- 
cine; 

Medicina — Buenos Aires in internal and general medicine; 

Revista de Investigacidn Clinica in internal and general medicine; 

Revista Midica de Chile in internal and general medicine; 

Archivos de Investigacidn Medica in experimental and research medicine; 

Interciencia in multidisciplinary sciences; and 

Acta Cientifica Venezolana in multidisciplinary sciences. 

The six fields in the index also included four journals published in Israel, 
namely: 

HaRefuah in internal and general medicine; 

Israel Journal of Medical Sciences in internal and general medicine; 

Refitah Veterinarith in veterinary sciences; and 

IsraelJournal of Technology in multidisciplinary sciences. 

These journals will be compared to the journals published in Brazil with 
respect to their influence. The influence of a journal refers to the impact of its 
articles on further research, like the phenomenon of influence of people exam- 
ined earlier in this study. Influence of an article can be indicated by its subse- 
quent citations, citations in subsequent publications referring to the article (as 
influence was also operationalized for table 6). Such frequency of citations to the 
articles appearing in the journal have been listed in the Journal citation reports 
(Institute for Scientific Information, annually) published together with the Sci- 
ence citation index. More precisely, this measure of impact of a journal in a year 
is the ratio of the number of citations' given in the year referring to articles that 
appeared in the preceding two-year period to the number of these articles in that 
period in the journal. The influence of a journal is hereby measured as the aver- 
age impact of its articles and is thus not affected by the number of articles appear- 
ing in the journal (considerations of this impact measure are provided by Sivert- 
sen, 1991: 64-8). 

A journal may be compared each year to the other journals in its field which 
are reported in the Journal citation reports in the year. The reported journals can 
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be ranked according to their impact each year. The percentile rank of a particular 
journal denotes the percentage of the reported journals in its field that have 
impact at or lower than the particular journal. The annual percentile rank of each 
Brazilian, other Latin American and Israeli journal, within their fields, are listed 
in table 20. A journal is of course ranked only for those years in which its impact 
measure was reported in the data source. 

Tabela20 

Influence of journals, by field and year, 1975-88 

Percentile rank of each Brazilian, other Latin American and Israeli journal 
1975 76 77 78 79 '80 '81 '82 '83 '84 '85 '86 '87 *88 
Internal and general medicine: 
Revista Brasileira de Medicina 

121221211111 
Revista Brasileira de Pesquisas Me'dicas e Bioldgicas 

4 2 8 6 7 

Archivos de Biologia y Medicina Experimentales 

47 65 69 50 63 60 59 59 58 

Medicina — Buenos Aires 

43 17 57 47 49 52 53 40 40 27 35 34 42 29 
Revista de Investigacidn Clinica 

14 33 21 27 31 23 38 27 13 19 13 19 3 4 
Revista Midica de Chile 

11 20 31 26 13 20 24 17 35 20 33 21 22 12 
HaRefuah 

3 5 

Israel Journal of Medical Sciences 

53 57 69 63 60 67 59 53 62 45 42 40 38 41 
Experimental and research medicine: 
Brazilian Journal of Medical and Biological Research 

28 47 31 25 29 28 30 

(cont.) 



273 



(cont.) 



1975 '76 '77 *78 '79 '80 '81 '82 '83 '84 '85 '86 '87 '88 

^ ^ ^ 

Memdrias do Institute Oswaido Cruz 

n 

Archivos de Investigation Midica 

8 7 17 12 6 38 10 21 5 8 2 2 2 6 
Tropical medicine: 
Revista do Institute de Medicina Tropical de Sao Paulo 

16 28 21 30 

Veterinary medicine: 

Arquivos da Escola de Veterindria da Universidade Federal de Minas Gerais 

2 2 3 5 2 1.... 
Refitah Veterinarith 

. 32 25 

Genetics and heredity: 
Revista Brasileira de Gen4tica 

4 4 6 7 .11 

Multidisciplinary sciences: 

Anais da Academia Brasileira de Ciincias 

28 5 15 51 34 29 29 41 22 49 23 17 10 12 
PesquisaAgropecudria Brasileira 

10 3 3 5 6 5 

Interciencia 

. 29 52 52 26 20 33 45 51 60 37 29 
Acta Cienttfica Venezolana 

33 22 50 42 42 38 20 

Israel Journal of Technology 

45 49 25 7 19 8 12 23 1 11 

Note: Years in which influence was not reported are indicated by a dot (.). 

Source: Journal citation reports for 1975 to 1988 (Institute for Scientific Information). 
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Before interpreting the rankings in table 20, 1 reemphasize that the journals 
included in the Journal citation reports (as in the Science citation index) are 
largely the journals that are of eminence. Therefore, the listed journals and their 
comparisons are largely journals with considerable influence, so the ranking is 
among influential journals. A journal listed with a low percentile rank is thus a 
journal which seemingly is influential and much more influential than most jour- 
nals in the world (largely those that are not included in the data source) but is not 
among the few most influential journals in its field. Table 20 shows a tendency 
for the least influential ones to be included only occasionally, notably the two 
Israeli journals with titles in Hebrew for medicine and veterinary medicine (in 
HaRefuah the articles are published in Hebrew and the abstracts are also pub- 
lished in English). 

The first row of table 20 shows that the Revista Brasileira de Medicina has 
not been one of the top journals among the covered journals in internal and gen- 
eral medicine which were reported in the Journal citation reports. Another Bra- 
zilian journal in the same field, Revista Brasileira de Pesquisas Medicos e 
Biologicas, has also not been among the top journals. The four journals pub- 
lished elsewhere in Latin America have ranked somewhat high while one Israeli 
journal ranked low and one Israeli journal ranked rather high among the covered 
journals in internal and general medicine. 

In experimental and research medicine, the Brazilian Journal of Medical 
and Biological Research has been quite influential while another Brazilian jour- 
nal, Memdrias do Instituto Oswaido Cruz, was less influential (and was probably 
found not to be so influential as to be covered since the seventies). A journal 
published elsewhere in Latin America has been among the rather influential jour- 
nals in experimental medicine. 

In tropical medicine, the Brazilian journal Revista do Instituto de Medicina 
Tropical de Sao Paulo has been quite influential. 

In veterinary medicine, the Brazilian journal Arquivos da Escola de Veteri- 
ndria da Universidade Federal de Minas Gerais has been one of the less influen- 
tial ones and also the Israeli journal Refuah Veterinarith has been one of the less 
influential ones among the covered journals in the field. 

The journal Revista Brasileira de Genitica has been among the less influen- 
tial ones in genetics and heredity. 

In the multidiciplinary sciences, the Anais da Academia Brasileira de Cien- 
cias has been of changing influence, apparently more influential around the first 
half of the eighties than earlier and later. The other Brazilian journal in this field, 
Pesquisa Agropecudria Brasileira, has been among the less influential one. The 
two journals published elsewhere in Latin America have been somewhat more 
influential, while the Israeli journal has apparently become less influential over 
time. 

To summarize these rankings among the influential journals within each 
field, about a handful of Brazilian journals have evidently been among the highly 
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influential journals in the world, and a couple of these Brazilian journals have 
actually been especially influential. Another handful have been somewhat influ- 
ential. Apart from annual fluctuations which may be due to just an occasional 
influential article, the influence of each Brazilian journal has apparently been 
rather stable over the years, with the exception of one journal that apparently had 
an especially influential period. Among the other Latin American and Israeli 
journals in these fields, some were more and some were less influential, and most 
were stable but several were apparently of declining influence. Compared to the 
mixed stable and declining influence of journals published in the rest of Latin 
America arid Israel, the stability of influence of the Brazilian journals appears as 
a slight comparative increase. 

Conclusions 

The above series of analyses were undertaken to answer the question of how 
Brazilian scientific performance, specialization and ties with local, regional and 
central colleagues have been shaped by the institutionalization of science in Bra- 
zil. Therefore trends in Brazilian research were ascertained and Brazil was com- 
pared to the other Latin America and to Israel which have had similar and differ- 
ent, respectively, institutional arrangements. 

Science has become institutionalized in Brazil insofar as it has become 
rather appreciated and been granted considerable autonomy and some support. 
Scientific activities such as research and training of researchers, however, have 
been concentrated in a fraction of the universities in Brazil and elsewhere in 
Latin America, unlike in Israel where scientific research and training has been 
the primary purpose at all the universities. 

This difference between Brazil, or Latin America more generally, and Israel 
in their institutional arrangements for science has enhanced scientific perfor- 
mance in Israel so that research performance has been higher in Israel than in 
Brazil and in the rest of Latin America. Israeli performance has been higher not 
only relative to population and the economy but also in total, despite the small- 
ness of the country. But scientific research has expanded in Brazil, and the Bra- 
zilian rate of increase was higher than in the rest of Latin America, in Israel, and 
• in the world as a whole. The Brazilian performance has been increasing through- 
out the eighties. A decline in social and human investment in scientific activity 
takes some years to cause a decline in the outcomes of research. The recent Bra- 
zilian crisis has not showed up as a decline in the Brazilian publications by 1993, 
but will probably entail a decline within a few years. 

Brazilian research has been specialized insofar as certain disciplines and 
specialties have been foci of scientists' attention in Brazil more than elsewhere. 
Brazilian specialization has emphasized the disciplines of physics, biology and 
mathematics, it has been more typical in biomedicine and earth and space sci- 
ence, and has de-emphasized clinical medicine, chemistry and technological sci- 
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ence. Within medicine, though, tropical medicine and parasitology have been 
fields of strong specialization in Brazil, like in other parts of Latin America, but 
unlike in Israel where specialization has focused on mathematics and fertility. 
Brazilian growth has been highest in technological science, especially in fields of 
computing. These directions of Brazilian specialization seem shaped by national 
needs and research policies. 

Brazilian scientists have been tied to colleagues who have influenced their 
research, and also been variously collaborators and competitors in research, and 
often also been significant recognizers of their work. None of these ties have 
been confined within Brazil but have also been rather extensive with foreign col- 
leagues. Brazilian research has been integrated with science in the rest of Latin 
America insofar as regional influence and collaboration have been higher than 
expected. This integration in collegial ties has been promoted by their embed- 
dedness in the strong links between Brazil and the rest of Latin America in other 
spheres of life. The regional integration has been notable but has been overshad- 
owed by the attachment to the centers of science, located in North America and 
Western Europe. Scientists in Brazil, like elsewhere, have deferred mainly to 
these centers, have traveled there, been influenced by science in the centers, 
occasionally collaborated there and valued recognition from colleagues in the 
centers. The involvement of Brazilian scientists with the centers, though, has 
been slightly less than the involvement of other Latin American scientists and 
much less than the participation of Israeli scientists in the centers. The Israeli ties 
with the centers, especially the North American center, have been enhanced by 
their embeddedness in the strong political and economic links between Israel and 
the United States and also by institutional arrangements for science such as com- 
prehensive scientific cooperation agreements with the centers and travel funds 
which are results of Israeli research policies enhancing research performance 
through integration with centers of science. 
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